Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



The Branner Geological Library 






laASD-SIANrORD-JIVNIOF'VNIVEIISnT 



r 






%v 









«. L 






^ 
^ 















iiXii.u r; ^^"i^ \,va..,.'^U/- •■'c<: n{ .2i ik^ j, ff i. 

^ / ^ I 






V ^ ; 



r. > * J "i 



6^ 



GEOGNOSTICAL ESSAY 



SUPERPOSITION OF ROCKS, 



IN BOTH HEHIBPHERE8. 



ALEXANDRE DE HUM^X-P?E!: 



TMANSLATBD FItOM THE OHIOIHAL FIMITCH. 



LONDON: 

ruNtSD roB 

LONOMAN, HURST, RBES, ORME. BROWN, AMD QREBT^ 

FATIXM08TUt-K0W. 



B-r 



21125id 



r 



• •• 



• • • 



• •• 



►*• 






PREFACE. 



1 He work which I now submit to the judgment 
of geognosts includes nearly the whole of the sub- 
ject of positive geognosy. If I have accomplished 
the end which I proposed, the phenomena of the 
most remarkable superpositions of rocks in both 
hemispheres, north and south of the equator, will 
appear arranged in the order of their mutual rela- 
tions. I cannot flatter myself with having suc- 
ceeded in comprising within so narrow a space, so 
great a variety of objects ; but I hope that my . 
work will contain two sources of interest ; that of 
making known a considerable number of observa* 
tions which had not hitherto been published, and 
that of presenting some general views on the suc- 
cession of those rocks which have been considered 
as the terms of a simple or a periodical series. 

The comparison of the rocks of the old world 
with those of the Cordillera of the Andes, has been 
deduced exclusively from my own researches. To 
guard myself against the danger of first impres- 
sions, and the errors which might arise from certain 
prejudices, I have, within a few months past, read 
over all the manuscripts which I had written dur- 
ing my travels ; and I have compared the descrip- 
tions with the sections and profiles of the mountains 
which were drawn on the spot After having con- 
sidered the whole of their geognostic relations, I 
have confined myself to those which appeared to 
jne the most certain or the most probable, and I 



frankly state what still demands a more particular 
examination. 

Previous to the application of systematic names 
to the formations of the Andes, of'the Oronoco, 
of the Amazon, or of New Spain, I have described 
their various relations of position, of c9niposition, 
and of structure. This method, which I have con- 
stantly followed, will enable the reader to decide 
more easily on the degree of confidence which my 
arrangements merit. If it be recollected, that be- 
fore my travels in equinoctial America, scarcely any 
rock in that coimtry had been named, and that t 
could not be guided in the study of superpositions 
by any anterior observations, it will, I hope, appear 
less surprising, should all my descriptions not be 
found equally perfect The articles which I have 
devoted to the different formations are of unequal 
length, according to the number of facts which I - 
have been able to state respecting them. 

In this geognostical essay, as well as in my re- 
searches on the isothermal lines, on the geography of 
plants, and on the laws which have been observed 
in the distribution of organic bodies, I have endea- 
voured, at the same time that I presented the detail 
of the phenomena, to generalize the ideas respect- 
ing them, and to connect them with the great 
questions in natural philosophy. I have dwelt 
chiefly on the phenomena of alternation, of oscilla- 
tion, and of local suppression, and in those which 
result from the passage of one formation to another 
in consequence of interior developemeni. These 
subjects are not mere theoretical speculations } iar 
^^1 being uselesB^ they lead us to the knowledge 
~ HWs of nature. It would d^rade the sciences 



to make their progress depend solely on the accu- 
mulation and study of particular phenomena. 

It is already many years since I first announced 
the table of positions which I now publish. The 
hesitation with which it is usual to proceed to the 
printing of a work long expected, would perhaps 
have still farther retarded this publication, had I 
not been compelled to it by the duties of friendship. 
M. Levrault, rector of the Academy of Strasburg, 
one of those estimable and useful men who, while 
existing, receive from their cotemporaries the tri- 
bute of gratitude which they merit, requested my 
co-operation in the grand literary work which he 
had confided to the celebrated professtH^ of the 
Museum of Natural Histoiy of Paiis ; and he suc- 
ceeded in overcoming the repugnance which I have 
always felt for engaging in this kind of labour. 
I promised him that I would undertake for his 
*' Dictionn^rc des Sciences Naturelles," the article , 
Oeographtf of Plants. Some unforeseen occupa- 
tions having prevented me from fulfiUing my 
promise, this article has been supplied by M. De 
Candolle, with the distinguished t^l^t that charac- 
terises all his works ; and I have only added to it 
researches on the numeric^ relations of v^etable 
ibrms, and on the disUibution of those forms in the 
different climates. As a kind of compensationt I 
offered to write the article Geognosy in which 
would be comprehended the description of the 
several formations. The following work consiite 
of this article, which is now printed separately. It 
is nearly of the same extent as the article jbrrna/MHi 
(^terrain), which an excellent get^DOSt, Mk de Bon- 



lard, has given in the •• IMctionnaire d'Hirtoire 
Maturelle," which is less voluminous, and is pob- 
lislied by M. Deterville, It appeared to me that 
)ne could not better arrange the facts according 
o their natural rektions, than by devoting tbrty 
lections to forty independent Jbrmations. 

I have been particularly careful to indicate tlie 
ocalities of the most interesting phenomena of po- 
rtion ; and I have frequently added to them the 
«sults of my barometrical measurements. When 
here has been any doubt with respect to those coun- 
ries of which we have only very imperfect maps* 
[ have mentioned such latitudes as I had deter- 
nined during my excursions in the Cordilleras. 

I have explained, at the end of the work, the 
>rinciples of a geognostic pasigraphf ; and have 
vished to shew that by means of a veiy simple 
lotation, and by omitting the structure and com- 
(osition of rocks, we may express with great fe- 
:ility the most complicated relations that exist be- 
-^een the position and the periodicid recurrence of 
brmations. This method of notation and concise 
smguage render evident the identity of phenomena, 
which, when disguised by accidental circumstances^ 
might at first appear to be very different The 
Wtasigraphic notaiiony which proceeds hf series^ and 
which presents an almost algorithmc method, is 
more susceptible of perfection than the imitative 
or figured pasigraphi/. Both these appear to me 
to be important in geology j for it is with the pa- 
sigraphic language as witii languages in general ; 
■the ideas become more clear in proportion as the 

•pa which express them are improved. 
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worA Jbrmation either denotes 
1 a rock has been produced, or 
3mblage of mineral masses so 
^d, that it is supposed they 
same epoch, and that they pre- 
:ant parts of the eartli, the same 
)th of composition, and of situ- 
) each other. Thus the form- 
.nd of basalt is attributed to 
and it is also said that the 
ion clay-slate contains Lydian 
impelite, and alternating beds 

.. 1^ A- *,^v,, and of porphyry. The first 

acceptation of the word is the most conformable 
to the genius oi the French language ; but it re- 
lates to the origin of things, and to an uncertain 
science founded on geogonic hypotheses. The 
second acceptation, now generally received by 
the French mineralogists, has been borrowed from 
the celebrated school of Werner, and indicates, not 
what is supposed to have been, but what now exists. 

B 



In the ^(^^^ostic descrip^oa of the globe^ we 
may dist^r^'tiish different modes of grouping mineral 
substances, as we ascend to more general ideas. 
Rocki^'which alternate with each other, which are 
found'usually together, and which display the same 
rdations of position, constitute the Bame^fintnation ; 
the union of several f(Hinations constitutes a geo- 
"logical series or a district (^terrain) ; but the terms 
/rocks, formations, and terrains*, are used as 
synonymous in many works on geognosy. 

The diversity of rocks, and the relative position 
of the beds which form the oxidated crust of the 
globe, have, from the most remote times, fixed the 
attention of men. Wherever the working of a mine 
was directed on a mass of salt, coal, or clay iron- 
stone, covered by successive beds of a different 
' nature, it gave rise to ideas more or less precise, 
on the arrangement of the rocks peculiar to a 
formation of small extent Possessed of this local 
knowledge, but influenced by prejudices having 
their source in habit, miners spread themselves over 
contiguous countries, and, as geognosts have often 
done in our days, they decided upon the positions 
of rocks, of the nature of which they were igno- 
r-ant, according to incomplete anal{^eB, and the 
confined ideas they had originally acquired. These 
errors must have had a &tal influence on the suc- 

" We have no word in the English language that will accu- 
rately expreBsferrain, as uied in geology by the French: it here 
mw » a series of fimnations ; but Mimetimu alao temi» denotes 
a tract or district ctmaiating of a particular class of rocks,— 
jTw wsfa r* 



cess of their researches. Instead of studjrmg the 
connection between two successive formations, in- 
stead of extending the first ^es of formations 
which had been impressed on their minds, they 
imagined that each portion of the globe differed 
in its geological constitution. This very ancient 
popular opinion has been adopted and maintained 
by very distinguished men in different countries ; 
but when geognosy was raised to the rank of a 
science, when the art of interrogating nature was 
improved, and when journies to distant countries 
furnished a more ex^ct comparison between dif- 
ferent formations, great and immutable laws were 
recognised in the structure of the globe, and in 
the superposition of rocks. The most striking 
analogies in the position, composition, and the in- 
cluded organic remains, of contemporary beds, 
were then observed in both hemispheres ; and in 
in proportion as we consider Jbrmations under a 
more general point of view, their idhntity daily 
becomes more probable. 

In fact, when we examine the solid mass of our 
planet, we soon perceive that some of the sub- 
stances, which oryctognosy (or descriptive miner- 
alogy) has made known to us separately, are found 
in constant associations^ and that those associations, 
which are called compound rocks, do not vary, like 
organised beings, according to the difference of 
latitude, or of the isothermal bands under which 
they are placed. Geognosts, who have travelled 
through the most distant countries, have not <nily 
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found, for the most part, in the two hemiaidieres, 
the same simple substtnoea, quartz, UMspar, mka, 
garnet, and hornblende; butthejr have also obserV' 
ed that mountain-masEes display eveiy where the 
same rocks ; that is, the same assemblages (^'mica^ 
quartz, and feldspar, in granite; of mica, quartz, and 
garnets, in mica-slate ; and of feldspar and horn- 
blende, in syenite. If it has sranetimes been consi- 
dered, that a rock belongs excludTelj to a single 
portion of the globe, subsequent researches have 
shown, that it also occurs in regicms the most dis- 
tant from its first locality. Thus we are almost 
led to admit, that the formation of rocks has been 
independent of the diversity of climates, and per- 
haps anterior to its existence. * There is an iden- 
tity even in those rocks where organized bodies 
are the most variously modified. 

But this identity of composition, this analogy which 
is observed in the association of certain simple mi- 
neral substances, may be independent of the ana- 
logy of their position, and their succession. Speci- 
mens of the same rocks that are found in Europe 
may have been brought from the islands of the 
Pacific Ocean, or the Cordilleras of the Andes ; yet 
perhaps we are not authorised to conclude from 
thence, that these rocks are superposed in a similar 
order, and that from the discovery of one, it can be ' 
predicted, with certainty, what the others are which 
occur in the same places. Get^osts, who are 

•Hun«boldt,GeognHihyofPlanU,1807, P.11S. Ideiii,Viewi 
flf ihc Cardilltru, vol. i. p. 123. 
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devoted to the study of the laws of unorganized 
nature, should direct their labours towards thd 
recognition of these analogies of respective po^ 
sition. An attempt is made in the following table, 
to collect what is known with most certainty of 
the superposition of rocks in both continents 
north and south of the equator. These types qf 
formations will not only be extended, but also 
variously modified, in proportion to the increase 
of travellers practised in geognostic observations, 
and also when complete monographies of different 
countries far remote from each other shall furnish: 
more precise results. 

The developement of the order which, is found 
to exist in the superposition of rocks forms die 
most important part of geognostic science. It 
must be allowed, that great difficulties oflen pre> 
sent themselves in the observation-, of positions; 
either when we cannot arrive at the junction of two 
adjoining formations, or when they do not exhibit 
a regidar stratification, or when^ their position is not 
uniform^ that is, when, the strata of the superior 
formation are not parallel to those of the lower. 
But these difficulties (and it is one of the chief 
advantages in observations which extend to a con- 
siderable portiou of our planet) diminish, or even 
disappear entirely, on comparing together several 
formations of great extent. The order of super- 
position and the relative age of rocks are facts 
susceptible of being determined, like the structure 
of a plant, the proportion of the elements in u 
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. .w.iiiarv, whatever relates to tli 
)f our planet, to those fluids whicli, 
ill mineral substances in solution, 
vhich have covered the summit of tl 
ind have afterwards disappeared, it 
IS the formation of the atmosphere o 
18 the various migrations of plants, 
>f the different varieties of our. 8pe> 
time is still not very remote when j 
xrcupied from choice in the solution 
blems, and with this fabulous period of 
listory of the earth. 

To render more intelligible the pri 

rhich this tabular arrangement of th 

on of rocks is constructed, it ought to 

7 some remarks deduced from the prs 

different formations. We shall b( 

"ving, that it is not easy to circumscril 

a formation. The limestone of th 

! Alpine limestone, entirely distinct in 

tear sometimes closely connected 



pendent formation, because it is superposed indif- 
ferently on black transition limestone, mica-slat^ 
and primitive granite ; but in a region where the 
great formation of syenite and porphyry predo- 
minates, those two Focks constantly alternate. It 
thence resii1t8,that the syenite is subordinate to the 
porphyry, and scarcely any where covers, by itself, 
the clay-slate of transition or the primitive gneiss. 
But the independence of formation in no manner 
excludes «n^^rmi/y or concordance of position ; it 
rather excludes the oryctognostic passage between 
two superposed formations. Transition formationa 
have very oflen the same direction and the same 
dip as primitive formations ; and yet, however near 
may be the dates of their origins, we are not the 
less justified in considering the anthradtous mica* 
slate, or grauwacke alternating with porphyry, 
as two formations independent of the granite and 
the primitive gneiss which they cover. The uni- 
formity of position (gleichfitrmigkeit der lagerung) 
furnishes no argument against the independence of 
formations, or the considering a rock as a distinct 
formation. It is because the independent form- 
ations are placed indifferently on all the most 
ancient rocks, (chalk upon granite, or red sandstone 
on primitive mica-slate.) that the union of a'great 
number of observations made on very remote 
])oints becomes eminently useful in determining 
the relative age of rocks. In order to ascertain 
if the zircon syenite be a transition rock, we must 
shew that it is placed on formations posterior to 
B 4 



fbeblack GmestoiiesoaalaiBiagaAoeenCitCft. Tbe 
oiwervations made b^ M^Bcndm^aneof theaiut 

distingnidked geologirts of llie pmeot dby, an Ae 
pofphyries andsyetntei of HnigBy,aiaj llicowgmt 
l^toa Aefomiatiancif tkeAnmcm Anda: and 
Unu; a]drat Agcoverad in India May point out the 
nabual aflmity between twofinfies of pbntsof 
eqatDOxial America. - * 

Tbe order whicfa m fiBowed m the fimhr 
ammgement qf Jbrmetiamg, k^ Aat ofAe yhee, 
and tbe respective posiliuD of Ae ro^a. I do not 
pretend that this s i t uati on and pontion has been 
actnaUj- observed in every r^ion trf" the earth; I 
only state them, such as tliey i^ipeaFed to me the 
most probable, after having compared a great num- 
ber of &cts that I have ctAected. I have been 
gmded by tbe idea <^ the relative age of rocks, in 
dus yet very imperfect hboor which wis b^un 
loi^ befive my voyage to the CtwdiDeTas of the 
newcoDtineotfin theyearl79S, when, upiMiteavii^ 
Ae sdiool of Freyberg , I was :qipointed to the 
direction of tbe mines in the FichtelgetHrg& 

A rode nu^ vary in composition : some of its 
inte gr ant parts may be subtracted from it, or other 
substances may be fbond d issem inated in it; andye^ 
in the ofmaan t^ a geognost who has studied the 
supCTpoation ai fi)rmati<His, tbe rock ought not to 
change its denoniination. Under the equator, as 
in the north of Eun^, tbe beds of a real transttioa 
syenite lose their hornblende without becmniiig 
wwtherrock. Tbe granites (» tbe banks of the 
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Oronoco sometimes confaiQ hornblende, and yet 
should still be considered as primitive, although 
they are not of the first or most ancient formation. 
These facts have been admitted by all experienced 
geognosts. The essential character of the identity 
of an independent formation is its relative position, 
or the place which it occupies in the general series ^ 
of formations. (Vide the classical memoir by M. de 
Buch, Heber der Begriff einer gebhrgsartj in the 
Mag. der Naturf. 1810. p; 128 — 133.) For the same 
reason a mere solitary fragment, an insulated speci- 
men of a rock found in a collection, cannot be geo- 
gnosticaUy determined, that is, as belonging to one of 
the numerous beds of which the crust of our planet 
is composed. Chiastolite, the accumulation of car- 
bon,or the nodules of compact limestone in clay-slate, 
nigrine or epidote in syenites (alternating with gra^ 
nites or porphyries), and conglomerates contained in 
anthracitous mica-slate, point out transition form- 
ations ; in the same manner as from the important 
labours of M. Brongniart, petrifactions of shells 
preserved entire indicate with precision certain 
beds of the tertiary formation. But these observ- v/ 

ations, where we are guided by disseminated sub- 
stances, or by characters simply zoological, com- 
prehend only a small number of rocks of late origin ; 
and observations of this kind oflen lead only to ne- 
gative facts. Characters drawn from the colour of 
the grain, or the small veins of carbonate of lime 
that run through calcareous rocks; those that are 
derived from the fissile nature, or the silky lustre 
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of the clay-slate ; the general aapect, and tbe wavy 
character of the scales of mica in mica-alates } tbe 
size and the colour of the crystals of feldspar in 
granites of various formations; all these circum- 
stances may, like every thing connected with the 
habitus of minerals, lead the most acute observer 
into error. No doubt black and white are the dis- 
tinguishing colours of Ae primitive and transition 
limestones; no doubt the fiirmationofthe Jura, par- 
ticularly in the superior part, is generally divided 
into thin beds that are whitish, with a fracture dull, 
even, or nearly flat conchoidal; iHit, in mountains 
of transition limestone, there exist insulated masses, 
which in their colour and texture resemble in their 
oryctognostic characters the Jura formation ; there 
are also hills of the tertiary formation on the 
south of the Alps, where rocks, subsequent to tbe 
chslk, and resembling the limestone used for litho- 
graphy, are found analogous to the fissile and dull 
limestone of the Jura. If we prefer giving to 
formations names derived from their oryctognostic 
characters only, the various strata of the same com- 
pound rock, when its thickness is considerable, and 
when it can he traced fer in the Une of its direction 
(streichungslinie), may appear often to belong to 
different rocks, according to the points from which 
specimens are taken ; consequentiy we can scarcely 
determine any thing geognostically in collections, 
but the suites qf rocks, of which the mutual super- 
position is known. 
In advancing these opinions on the sense which 



we ought to attach to the tcnn independent Jbrm- 
ations, as it relates to the following tabular arrange- 
ment of their position, I am &r from overlooking 
the eminent services, which the most detailed 
oryctognostic examination, and the profound study 
of the composition of rocks, have rendered to 
modem geognosy, and especially to the science of 
the position, and respective situation of rocks ; al- 
though, according to the important discoveries of 
M. Hauy on the intimate nature of inorganic and 
crystallized substances, there cannot exist, properly 
speaking, a passage from one mineral substance to 
another; (Cordier, sitr les Roches Volcaniques, 
p. SS,'j and Berzelius, Nouveau Systane de Mini' 
ralogie.) The passage of the base, or mass qf rocks, 
is not confined to those fbnnations that are gene- 
rally distinguished by the name of compound rocks. 
Those considered as simple, such as transition lime- 
stone, or secondary limestone, are in part amor- 
phous varieties of mineral species of which tliere 
exists a crystallized type ; and partly aggregates of 
clay, carbon, &c., which cannot be accurately 
determined. It is on the variable proportions of 
these heterogeneous mixtures that tlie passages 
of marly limestones to other schistone formations 
are tbunded ; (Hauy, Tableau Comparaiif de la 
CrisiaUographie, p. ^. SO.) All the amorphous 
bases of rocks, however homogeneous they may 
appear at the first aspect, the bases of porphyries 
and euphotides (serpentine), as well as those black 
problematic masses that constitute the basamte 



of the clay-alate ; the ganeai aspect* mad the wavy 
character of the scales of mica in mica^lates ; the 
size and the colour of the ciystals of feldspar in 
granites of various fbnnatioiu ; all these circum- 
stances may, like every thing connected with the 
habitus of minerals, lead the most acute observer 
into error. No doubt Uack and white are the di^ 
tinguishing colours of Ae jfftmitive and transition 
limestones; no doubt the fimnationofthe Jura, par- 
ticularly in the superior part, is generally divided 
into thin beds that are whitish, with a fracture dull, 
even, or nearly flat conchoidal; but, in mountains 
of transition limestone, there exist insulated masses, 
which in their colour and texture resemble in their 
oryctognostic characters the Jura formation ; there 
are also hills of the tertiary formation on the 
south of the Alps, where rocks, subsequent to the 
chalk, and resembling the limestone used for litho- 
graphy, are found analogous to the fissile and dull 
limestone of the Jura. If we prefer giving to 
formations names derived from their oryctognostic 
characters only, the various strata of the same com- 
pound rock, when its thickness is considerable, and 
when it can be traced far in the line of its direction 
(streichungslinie), may appear oflen to belong to 
different rocks, according to the points from which 
specimens are taken ; consequently we can scarcely 
determine any thing geognostically in collections, 
but tiie suites qf rocks, of which the mutual super- 
position is known. 
In advancing these opinions on the sense which 



we ought to attach to the term independent Jbrm- 
ations, as it relates to the following tabular arrange- 
ment of their positioD, I am far from overlooking 
the eminent services, which the most detailed 
oryctognostic examination, and the profound study 
of the composition of rocks, have rendered to 
modem geognosy, and especially to the science of 
the position, and respective situation of rocks ; al- 
though, according to the important discoveries of 
M. Hauy on the intimate nature of inorganic and 
crystallized substances, there cannot exist, properly 
speaking, a passage from one mineral substance to 
another; (Cordier, sur ks Roches VolcaniqueSf 
p. 33.; and BerzeUus, Nouoeau Systeme de Mmd- 
ral<^ie.) The passage of the base, or mass (frocks, 
is not confined to those fonnations that are gene- 
rally distinguished by the name of compound rocks. 
Those considered as simple, such as transition lime- 
stone, or secondary limestone, are in part amor- 
phous varieties of mineral species of which tliere 
exists a crystallized type ; and partly aggregates of 
clay, carbon, &c., which cannot be accurately 
determined. It is on the variable proportions of 
these heterogeneous mixtures that the passages 
of marly limestones to other schistose formations 
are founded ; (Hauy, Tableau Comparaiff de la 
CrisiaUographie, p. @7- ^0 -^" ^^^ amorphous 
bases of rocks, however homogeneous they may 
appear at the first aspect, the bases of porphyries 
and euphotides (serpentine), as well as those black 
problematic masses that constitute the basamte 
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means of slight tritiuiiliaMfc -Mili wrtiJi^ <*WHfcod 
of analysis of wbidi llf.N 'llMitei 4k- BtttenM 
made the first succeM$il>aMf)k tiu«nl|«ligbVflntk 
on the large crystaltv «]ud> are imula>e<t aaA 
which separate trom tiie imciN«ce|)io<Hr7ital»iQ tfal 
mass; secondly, on d» aaMualpaHtagW of certain 
rocks superposed on each o^ert t^rdly, m tJb0wlh« 
ordinate beds which ave a( tbe tanftmtttieaaonft 
of the elements of thframwybout imsi. All thew 
phenomena are producadi we amy my» by hM 
devdf^ment, and tlvoqgh ft'TuiafiDD i 
slow, sometimes very suddra In the oonatitiient 
parts of a heten^neotu mass. CrystaBine mole- 
cules, invisible to the eye, are found increased and 
disengaged from the close texture of the mass; 
and by degrees they become, by grouping and 
mixture with other substances, interposed beds 
of considerable thickness: sometimes they even 
become new rocks. 

The interposed beds merit, above all, the deepest 
attention (Leonhard, Kopp, and Gcertner, Propced. 

I der Miner, p. 158.) When two form^ons suc- 
ceed each otlier immediately, it happens that beda 
of the one begin at first to alternate with beds of the 
other, until, (after these preludes to a great change,) 

'■ a new formation appears without any subordinate 
beds ; (Buch, Geogn. Beob. torn. i. p. 104 — 136. « 
Humboldt, Relation Historique, tom. ii. p. 140.) 
The progressive developement of the elements of 
a rock may consequently have a marked influence 
on the respective position of mineral masses. Their 



effects belong to the domain of geognosy ; but 
to discover and appreciate them, the observer 
must have recourse to the profound knowledge 
of oryctognosy, and above ali, to that of modern 
crystallograpiiy. 

In examining the intunate relations by which 
we often see the phenomena of composition con- 
nected with those of position, I had no intention of 
speaking of the purely oryctognostical method, 
that which considers rocks solely according to 
the analogy of their composition ; (Journal dee 
Mines, torn, sxxiv. No. 199.) This is a true 
classification, from which every idea of superposi- 
tion is abstracted, but which may not the less give 
rise to interesting considerations on the constant 
grouping of certain minerals. A method wholly 
oryctognostical multiplies the name of rocks more 
than the wants of geognosy require, when posi- 
tions only are considered. According to the 
changes which mixed rocks undergo, the same 
bed of great extent and thickness may contain 
parts (we must again observe) to which the oiyc- 
tognost, classing rocks according to their com- 
position, would give denominations entirely dii- 
ferent These remarks have not escaped the learn- 
ed autiior of the Classi^ation Mindralogique des 
Roches; they could not but occur to an experienc- 
ed geognost, who has so well investigated the 
superpositions of the rocks which he lias examined. 
" We must not confound*" aays M. Brongniart, in 
his late memoir on the positiiHi of the OphioHtes, 
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" the respective sltuBtionB, the order of the iupei^ 
position of formations, and the tocks of which ihey 
are composed, with descriptions that are simply 
mineralogical (oryctognostical) ; their copAuion 
would throw disorder into the scieufn^ and retard 
its progress." The tabular arrangement which we 
give at the end of this view, is, in no req>ect> 
what may be called a dasufication of rocks j nor 
have we collected, under the title of distinef Bec< 
tions, (as in the ancient geognostical method of 
Werner, or in the excellent lYait^ de Geognosie 
of M. D*AubuissoD,)all the primitive formations of 
granite, and all the secondary formations of sand- 
tone and limestone. We have endeavoured, on the 
contrary, to place each rock as it is found in na- 
ture, according to the order of its superposition, or 
its respective age. The different formations of gra- 
nite are separated by gneiss, mica^slate, black lime- 
stones, (of transition), and grauwackea. In the 
rocks of transition, we have removed the porphyiy 
and syenite of Mexico and Peru, that are anterior 
to the grauwacke, and to the limestone with 
orthoceratites, from the much newer formatimi 
of porphyry and zircon syenite of Scandinavia. 
In the secondary rocks, the sandstone with 
oolite of Nebra, which is posterior to the al- 
pine limestone or zechstein, is removed from the 
red sandstone (coal sandstone), which belongs to 
the same formation as the secondary porphyry and 
mandelstein. According to the principle which we 
h»ve adopted, the same names of rooks are found 
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several times in tlie same table. The anthracitous 
mica-slate (in the transition formation), is separated, 
by a great number of older formations, &om the 
mica-slate anterior to the primitive clay-slate. 

Instead of a class^ation of the granitic, schis- 
tose, calcareous, and arenaceous aggregated rocks, 
I wished to present a sketch of the geognostical 
structure of the globe, or a table in which the 
superposed rocks succeed each other &om below 
upwards, as in the ideal sections which I drew ' 
in 1804, for the use of the School qf Mines qf 
Mexico, and of whieh many copies have been 
fdrculated since my return to Europe. (Bosgugo 
de itna Pasigr^a geognostica, con tablas que 
ensehan la eslraijficacion y el paraUeUsmo de las 
rocas en ambos continentes, para el uso del Real 
Semnario de Mineria de Mexico.) These pasi- 
graphic pictures exhibited, together with my own 
observations, whatever had been collected with 
most precision at that period, on the position of 
primitive, intermediary, and secondary rocks in 
the antient continent They presented, with the 
type which may be regarded as the moat general, 
the secondary types, or the beds which I have 
named parallels. This method has been followed 
in the present sketch, which I now publish. My 
parallel formations are geognostic equivalents ; 
they are those rocks that represent each other, 
(TVaite de Giologie by M. d'Aubuisson, tom. ii. 
p. ^5.) In England, and on the continent of 



Europe opposite there does ncA exist an idmtit^ 
in all the formations ; there exist only equk/alents 
or parallel Jbrmatioiu. The sitmticRi o£ our coal) 
situated between the transition rocks and the red 
suidstone, that of the rock-salt, whi^ is found on 
the continent in t}ie alpine limestone, (zechstdn), 
the position of our ooMtea in the sandstone of 
Nebra and in the Jura Umestmie, may guide th» 
geognost in the comparison of distant foraiatiox& 
Coal measures are observed in England placed on 
transition formations ; U^ &a example on the mouO* 
tain limestmie of Derbyshire and South Wales, or 
On the sandstone of transition, the old red sandstone 
of Herefordshire. I thought I recognized in the 
magnesian limestone, the red marl, lias, and white 
oolites of Bath, ttie uniiedjbrmaiions of alpine lime- 
stone with rock-salt, of sandstone with oolites, 
(buote sandstein), and of Jura limestone. In com- 
paring the formations of more or less distant coun- 
tries, those of England and France, of Hungary 
and Mexico, of the secondary basin of Santa F6 de 
Bogota and Thuringia, we must not expect to find 
for each rock a parallel rock ; we must recollect 
that one single formation nwy represent many 
others. Thus the beds of clay inferior to the chalk 
may, in France, (Cap La Hdve, Vaches Noires, 
near Caen), be separated in the clearest manner 
from the beds of oolitic limestone ; while in Smt- 
Eerland, Germany, and South America, they have 
^eqwvaknts beds of mu-1 subordinate to the Jura 
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limestone. Gypsum, which in one district fbrmtf 
only subordinate beds in the alpine limestone, or 
in the oolitic sandstone, assumes, in another dis- 
trict, all the appearance of an independent form- 
ation, and is found placed between the alpine lime- 
stone, and the oolitiq sandstone, between this 
sandstone and the muschelkalk, (limestone of Goet- 
tingue). The learned professor of Oxford, M. Buck- 
land, whose extensive researches have been alike 
useful to the geognosts of England and of the Conti- 
nent, has recently published a table ofpareUlel form- 
ations, or, as he calls them sUso^eqvivaknts qfrocks^ 
which extends but from the forty-fourth to the fifty- 
fourth degree of northern latitude and which merits 
the greatest attention ; (On the Structure qfthe Alps 
and their Relation with the JRocks qfEngland^ 1 8S1 •) 
As in the history of ancient nations, it is easier 
to verify the series of events in each country, 
than to determine their mutual coincidence, so 
also, we easier attain the most exact knowledge 
of the superposition of formations in insulated 
regions, than we can determine the relative age, 
or the parallelism of formations that belong to dif- 
ferent systems of rocks. Even in countries little 
distant from each other, as in France, Switzerland^ 
and Germany, it is not easy to fix the relative 
antiquity of the muschelkalk, of the molasse of 
Argovia, and of the quadersandstein of the Hartz, 
b^ause the widely distributed rocks are oflen 
wanting which might serve, according t6 the 

c 2 



happjr expression of M. de Crruner, for a ga^pu»- 
tical horizon, and vith which the three fomutionii 
we have just mentioned may be compared. When 
rocks are not in immediate contact, we can judge 
of their paraUeSsm only by thdr age, as relaiiTe to 
the other formations by which they are miited. 

These researches of comparatioe geognaof will 
long exercise the sagadty of observers ; and it is 
not surprising that those who have been cUb^ 
pointed in finding every formation, with all the 
circumstances of its position, interior 8tmcture» 
and subordinate beds, should end by denying all 
analogy of superposition. 1 enjoyed the advantage 
of visiting, before my voyage to the equator, a great 
part of Germany, France, Switzerland, England, 
Italy, Poland, and Spain. My attention was parti- 
cularly directed, during my travels to the position 
and succession of formations, a class of phenomena 
which I purposed treating of in a separate work. 
In South America, whilst traversing in va- 
rious directions the vast tract which stretches 
fi-om the cliain on the coast of Venezuela to 
the basin of the Amazon, I was struck by the 
conformity of superposition exhibited in the two 
continents (vide my first Sketch qf a Geological 
View of Equinoctial America, in the Jottmal de 
Physique, torn. liii. p. 30.) Posterior observations, 
comprehending those in the Cordilleras of Mexict^ 
New Grenada, Quito, and Peru, from the twenty- 
fint degree of north latitude to the twelfth degree 
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of south latitude, confirmed those first ideas. The 
types of formations appeared to me to be rather 
enlarged than altered essentially. But in speak-, 
ing of the analogies which have been observed in 
the positions of rocks, and the uniformity of those 
laws which exhibit to us the general order of 
nature, I can produce higher testimony than my 
own, that of the geognost whose labours most 
of all have advanced the knowledge of the struc- 
ture of the globe. M. L6opold de Buch has 
extended his researches from the Canary Islands to 
beyond the Polar Circle, as far as the seventy-first 
degree of latitude. He has discovered new form-, 
ations placed between formations formerly known; 
and in the primitive formations as well as in those 
of transition, in the secondary as well as in the vol- 
canic rocks, he was struck with the great analo- 
gical features that characterise the aspect of form- 
ations, even in the most distant regions. 

We must distinguish from that scepticism which 
denies all order in the position of rocks, an opinion 
renewed from time to time among the most expe- >/ 
rieuced observers, according to which the form- 
ation of granite-gneiss, of grauwacke, of alpine lime- 
stone, and of chalk, uniformly superposed in differ- 
ent countries, seldom correspond among themselves 
in the age of the homonymous elements of each 
series. It has been thought that a secondary rock 
may have been formed on one point of the globe, 
at a period when the transition rocks did not yet 

c 3 
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cist in another point. This supposition does not 
chide those granitic rocks that cover limestones 
led with orthoceratites and consequently pos- 
irior to the primitive rocks. It is a fact now 
enerally recognized, that formations of analogous 
imposition were produced in succession at periods 
ery distant from each other. The doubt which I 
lention without participating in it bears on a 
oint much less certain; whether the mica schists^ 
idiibitably placed in the midst of primitive rocks 
inder those in which organic remains begin to 
ppear), are newer than the secondary rocks of 
nother countrj'. I confess that in tlie part of the 
lobe which I have been able to examine, I have 
!en nothing that could wairant this opinion, 
rranular syenitic rocks, repeated twice, perhaps 




hand, dip under a feldspathic rock, for instance; 
beneath a transition granite, or the zircon syenite ; 
and, on the other hand, it may be superposed on 
a black limestone with madrepores. This situ- 
ation denotes only the included position of a bed 
of grauwacke between limestone rocks and feld- 
spar transition rocks. Since, in consequence of the 
important researches of MM. Cuvier and Brong- 
niart, a profound examination of fossil organic 
bodies has difiused new spirit into the study of 
tertiary deposits, the discovery of the same fossils 
in the analogous beds of very distant countries has ^ 
rendered still more probable the isochronism of 
widely extended formations. 

It is by this isochronism only, this admirable 
order of succession, we are enabled to observe 
with certainty. The attempts which have been 
made by the Hebraic geologists to subject the epo- 
' chas to absolute measures of time, and to connect 
the chronology of antient cosmt^nic traditions 
with actual observations of nature, have proved 
fruitless. *■ It has more than once been desired," 
says M. Ramond, in a discourse abounding with 
philosophical views, " that we could find a supple- 
ment to our short annals, in the monuments of na- 
ture. The historical ages might, however, have 
sufficed to teach us, that the succession of physical 
and moral events is not regulated by the uniform 
progress of time, and cannot in consequence fiimish 
its measure. We see, in looking back, a succession 
of creations and destructions, by the various ar- 
c 4 



rangements of the beds tint form the cnut ffiT the 
globe. They ^ve lu the idea o£ several diBtmct 
epochas; but these epochiaa, so fertile m eveiii*i 
may have been very short compared to the nuodMr 
and the importance of the results. Between the 
creations and deBtructions, on the contxury* we 
perceive nothing, whalever might be the immen>- 
sity of the intervals ^ there everything is lost in the 
mist of an undeterminable antiquity, the degrees 
of which cannot be ^preciated, because the suc- 
cession of phenomena has no scale that can be re- 
ferred to the division of time." (M^moires tk 
FInsHtut, 1815, p. 47.) ■ , 

In the geognostical monography of a district c€ 
small extent, the environs of a town for instance, 
we cuinot mark too minutely the different beds 
that compose the local formations. Beds of sand 
and clay, the subdivisions of gypsums, strata of 
marly and oolitic limestone known in England by 
the names of Purbedc-beds, Portland-stone, Coral- 
rag, Kelloway>rock, and Combrash,' then acquire 
great importance. Thin beds of secondary or ter- 
tiary formations, containing assemblages of fossil 
bodies well characterized, have served the purpose 
of an horizon to the geognost He has been en- 
abled, as the beds are prolonged, to connect with 
one of them what is placed above or below in the 
order of the whole series. Even the particular de- 
nominations by which these beds are distinguished 
are of great advantage in a geognostic description, 
however strange or improper may be their signifi- 
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cation or their origin as drawn £rom the language 
of miners. But when we treat of the place of rocks 
on a surface of great extent, it becomes indispens- 
able to consider the formations or usual groupings 
of certain beds under a more general point of view. 
We must then be more prudent and circumspect in 
the distinction and nomenclature of rocks. The 
work of M. Freiesleben on the plains of Saxony, 
which are more than seven hundred square leagues 
in extent (Geogr. Besckr. des Kwgferschiefergebirges^ 
inifTh. I8O7 — 1815.) exhibits an admirable model 
of the union of local observations with geognostical 
generalizations. These generalizations, and at- 
tempts to simplify the table of formations, and to 
dweU only on the great characteristic features, 
should be made with more or less timidity, accord- 
ing as the objects described are the basin of a river, 
an insulated province, a country as large as France 
or Germany, or an entire continent 

The more profoundly we study the nature of rocks, 
the more we perceive the connection between form- 
ations which at first appeared altogether independ- 
ent to be made evident by the great phenomena of 
alternation^ that is, by a periodical succession of 
beds that have a certain analogy in their composi- 
tion, and sometimes also in the contained fossil 
bodies. Thus in the transition mountains, for in- 
stance in America, (at the entrance of the plains of 
Calabozo,) the beds of greenstone and euphotide; 
in Saxony (near Friedrichswalde and Maxen), the 
schists with ampelite, grauwackes, porphyries, the 



black limestones and gteemUMO, ocnutitute^ after 
frequent and repeated nMernationMt the same ftnib- 
adon. It often happens that tfae tufacwdinate be^ 
appear only at the extreme limit a£ a formatioi^ 
and then assume the aspect of an indepoideiit 
rock. The copper and bituminous marles (Ki^ifiav 
Bchiefer) which are fiHind in Thuiingia between th« 
alpine limestone (zedistein) and the red aandifone 
(rothe liegende), in whidii mines have been woitod 
for ages, are r^tretatl€d in several parts of Mexioo^ 
New Andalusia, and in the south of BavBria. bjf 
numerous beds of marly clay, more or less C8ib»- 
retted and imbedded in alpine limestone. Similar 
circumstances often give to gypsums to sandstonei^ 
and to small beds of compact limestone, the appear- 
ance of particular formations. We perceive their 
dependance or their st^ordimUian by their fre- 
quent association with other rocks, their want of 
extent and thickness, or by their total suppression, 
which has been frequently observed. We must not 
forget (and I have been struck with this fact in 
both hemispheres,) that the great calcareous form- 
ations, for instance, the alpine limestone, have their 
sandstoTies, as the sandstones very extensively dis- 
tributed have their limestone beds. Thin layers 
of sandstone, of limestone, and of gypsum, charac- 
terize, in every zone, the deposits of coal and of 
rock-salt or muriatiferous clay (^$alzt/wn) : these 
insulated deposits are most frequently covered only 
by small local formations. By neglecting tliese con- 
siden^ns, which must be familiar to every expe- 
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lienced geognost, the type of the great independent 
formations has been rendered too complicated. 

The phenomenon of alternation is manifested, 
either locally in rocks superposed several times 
on one another and constituting one complex 
formation, or in the series of formations con- 
sidered in a general view. Either greenstones, 
or syenites, schists and transition limestones, beds 
of limestone and marl, alternate immediately; 
or a whole system of mica-slates and feldspar 
granular rocks (granites, gneiss, and syenites), 
appears again amidst the transition formations, 
and separates the grauwackes and the lime- 
stones with orthoceratltes, from the primitive 
homonymous system. The first knowledge of 
this &ct, one of the most important and most 
unexpected in modem geognosy, we owe to the 
excellent observations of MM. Leopold de Buch, 
Brochant, and Haussmann. This phenomenon 
connects in some degree the transition with the 
primitive formations, not with respect to time or 
relative antiquity, but with regard to analogy of 
composition and aspect. The fact, that very ancient 
granular rocks, entirely destitute of organic remains, 
succeed to compact rocks containing organic re- 
mains, has led some distinguished geognosts to 
conclude, that this alternation of rocks containing 
shells with others free from shells might perhaps 
extend beyond what we call primitive formations. 
They have not merely enquired if clay-slate, mica- 
slate, and gneiss, did not support granites which 



have been considered u the most ancient rodu!;. 
but the question has also been agitated* whethez 
grauwacke, and black limestones with madrepotair 
might not be found beneath granites ? According 
to this view, the primitive and transitioD-flerieB 
would form but one dass of lodcs ; and the ionnet 
might be regarded as being interposed in a f<Hmi 
ation that was posterior to the developement of fiP> . 
ganized beings, and which penetrates to an unknoim 
depth in the interior of the globe. I believe that 
no direct observation can as yet be adduced ia 
&vour of these suppositions. The fiiigments o£ 
rocks which I saw imbedded in the lithoid lavas of 
the volcanoes of Mexico, Quito, and Vesuvius, and 
that are thought to have been torn from the bowels of 
the earth, seem to belong to altered rocks of granite* 
mica-slate, syenite, and granular limestone, and not 
to grauwacke and limestones with madrepores. 

In the tabular arrangement of rocks, the great 
divisions, known by the name of primitive, inter* 
mediary, secondary, and tertiary formations, are 
preserved. The natural limits of these four j^s- 
tems qf rocks are, the clay-slate with ampeUte 
and lydian-stone, alternating with compact lime- 
stones and grauwacke, the coal formation, and 
tliose that succeed immediately to chalk. In 
S^ognosy, as in descriptive botany (phytography), 
■the subdivisions or small groups of families have 
more distinct characters than the great divisions 
or classes. This li^pens in every science in 
which we ascend ti^m the individual to the species. 
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from the species to the genera, and thence to still 
higher degrees of abstraction. A method is neces- 
sarily founded on abstractions variotisly graduated^ 
and the passages become more frequent in pro- 
portion as the characters are more complex. The 
transition-rocks of Werner, which M. de Buch first 
limited with that sagacity by which he is charac- 
terised, are connected to the primitive formations 
by the clay-slate with ampelite, the zircon syenites, 
the granites sometimes destitute of hornblende, and 
the mica-slates with glance coal ; while they are 
allied to the coal sandstones, and the secondary 
limestones, by the fine-grained grauwackes and the 
coralline and compact limestones. 

Porphyries of very different formations have their 
principal position among transition-rocks ; but they 
increase considerably in quantity in the secondary 
formations, where they are closely connected with 
the coal sandstone ; while they penetrate into the 
primitive formation only as subordinate beds of in- 
considerable thickness. The progressive movement, 
or, if I may venture to use the expression, the ex- 
tent of the oscillation of serpentine and of eu- 
photide, is very different These rocks of diallage, 
constituting several distinct formations seldom co- 
vered by any other, and of which the geognostical 
position is difficult to verify, finish almost at the 
lower limit of the secondary formations ; and to- 
wards the bottom they pierce into the primitive 
rocks, far beyond the mica-slate. The chalk seems 
to offer a natural limit to the tertiary forma- 




tioo, which MM. Cuvior and Bimigaurt fint. cor- 
rectly characterised as being eotirdiy different Aon 
the latest secondary fiinnationa described by tbe 
school of Freybeigt {Qiagraphie MinSralogiqm 
des Environs de Paris^ p. 8, 90 M. Brongniart^ 
struck by the connectum that exists betwee«i 
the tertiaiy formations and those situated undsl 
chalk, has even recently proposed to designato 
the tertiary formations by the name of sigmiar 
secondary Jbrmatiom. (JSur k, Gisemeni de& 
OpkioUthes^ p. 37. : compare also the very inter- 
esting geognostical observations contained m the 
TYaite des Roches deM.de Bernard^ p. 138. «ia 
218.) 

The distinction between the four formations 
which we have named in succession, three of 
which are posterior to the developement of or- 
ganic life on the globe, appears to me worthy 
of being preserved, notwithstanding the passage 
of some formations into different ones^ and 
the doubts which several distinguished geognosts 
have entertained respecting those passages. The 
classification of formations marks the great epochas 
of nature ; for instance, the first appearance of 
some pelagic animals (zoophytes, cephalopode mol- 
luscas), and the simultaneous destruction of an 
enormous mass of monocotyledon plants ; it forms 
points of repose for the mind, and in considering 
that the formations themselves are much more 
important than the great divisions, we have often 
tieeasion to recognise, as we proceed from high 
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mountains towards the sea, the varying influence 
which the grouping of secondary and tertiary^ as 
well as that of primitive and intermediary form- 
ations, have had on the inequalities and the con- 
figuration of the surface. On account of this in- 
fluence, the aspect of the landscape, the forms of 
mountains and table lands, and the character of the 
vegetation, vary less in travelling parallel to the 
direction of the beds, than in crossmg them at 
right angles. (Greenot4gfh Crit. Examinat. qf Geo-' 
logy, p. 380 

I shall continue, following MM. de Buch, Freies- 
leben, Brochant, Beudant^ Buckland, Raumer, {Geb^ 
von Nieder*Schles.f 1819>) and other celebrated 
geognosts, to grcmp the independent formations 
according to the divisions in primitive^ transition^ 
and secondary classes, without dwelling on the im* 
propriety of the greater part of those denominations. 
I shall continue to separate the clay with lignite 
situated above the chalk from that which is below 
it, and the chalk itself from the more antient se» 
condary formations. But those distinctions of beds, 
and of groups of beds, which are so useful in the 
description of a formation of small extent^ ought 
not to prevent the geognost, when he endeavours to 
ascend to a more general point of view, from con- 
necting those clays and chalks with the limestone 
of Jura, and conaidering them as the last strata of 
that great formation composed of limestone and 
marly beds. The inferior beds of the chalk 
(craie ttsffeau of Brongniart,) contain ammonites* 
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The limestone of the mountain of St FMer. at 
Maestricht, indicates, as MM* Omalius and Bmog* 
niart have akeady observed, the passage of chalk 
to the older secondary limestones. Near CaeOt 
according to the accurate observations of M. 
Prevost, the cla3rs under the chalk contain thtf, 
same lignites that are found in greater quantity 
in the clay above the chalk ; cerithia, which osll' 
to mind the calcaire grossier of Fkois, are finrnd 
in a limestone with trigoniae, placed betweea 
the clays, inferior to the chalk and oolite. I do 
not insist on these particular fitcts; I men- 
tion them only to prove, by a striking example 
that in bringing together facts which have been 
observed in different points of the same coun- 
try, the great phenomenon of alternation disdotEies 
to us connections between formations, that ap- 
peared at first to have nothing in common. It is 
peculiar to the beds that alternate with one another, 
and to the rocks which succeed each other in a 
periodical series^ that the most striking contrast is 
exhibited in the two nearest beds. We must 
recollect in geognosy, as in the different parts 
of descriptive natural history, the advantages of 
classification, of divisions variously graduated, 
without ever losing sight of the unity of nature. 
Those, indeed, who have contributed most to the 
advancement of natural philosophy, have had, at 
the same time, a tendency to generalize, and an 
accurate knowledge of a great number of parti- 
cular facts. 



It is usual to tenninate the series of formations 
by the volcanic rocks, and to make them succeed to 
the secondary and tertiary formations, and even to 
liie alluvial deposits ; but in a tabular arrangement, 
formed accordingly to the principle of relative age, 
this mode has not appeared to me the most proper. 
It is certain that lithoid lavas often cover the 
most recent formations, and even beds of gravel. 
It cannot be denied that there exist volcanic 
productions of different epochas j but, from what 
I could observe in the Cordilleras of Peru, of 
Quito, and of Mexico, a part of the world so cele- 
brated for the number of its volcanoes, it ap- 
peared to me that the principal seat of the sub- 
terranean fires is in the transition rocks, and be- 
neath them. I have observed, tiiat all the burning 
or extinguished craters of the Andes have opened 
amidst trap, porphyries, or trachytes (BerL 
AbhandU der Kdn. Acad., 1818, p. 131.) ; and that 
these trachytes are connected with the great form- 
ation of transition porphi/ry and Si/enii€. From this 
observation, it appeared to me more natural to 
make the secondary and volcanic formations follow 
in a parallel succession, and, as it were, by bisection, 
to the transition formations. By this new dispo- 
ation, the porphyry and grauwacke formation, or 
that of the porphyries, syenites, and granites of 
transition, is connected at the same time, 1°, to 
the porphyries of the red sandstone, in the secondary 
coal formation ; 3°, to the trachytes or trap-por- 
phyries, destitute of quartz and containing augites. 
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I use with regret the tenn, ** voktmie JbrmatUmt" 
not that I have any doubis, like thoae who deng- 
nate the trachytes, baaalti, and poiphyiy-ilatea 
(porphyr-schiefer), under the name of trap^trm- 
ation, that all which I have included in v<dcamc 
fonnationa has been produced or ritered by fire) 
but because several rocks interposed between 
(primitive?) transition and secondary rock^ may 
also be volcanic. I wished at the same time to 
avoid any historical idea of the origin of things, in 
a statistical view of superposition. At Skeen, in 
Norway, a basaltic and porous syenite containing 
p}rToxenes, is found, according to the observations 
of M. de Buch, between transition limestone 
and zircon ^enite. This is a bed and not a vein 
(dyke) ; and is a phenomenon much less pro- 
blematical than the basalts (urgrunstein ? Buch, 
Oeogn. Beob., vol. i. p. 134., and Raumer, Granit 
des Rieaengebirges, p. 70.) contained in the mica- 
slate of Krobsdorf in Silesia. The trachytes of 
Mexico, containing obsidian, are intimately con- 
nected with the transition porphyries that alter- 
nate with syenites. The mandelsteins belonging to 
the red sandstone have, on the continent of 
Europe, and in equinoxial America, all the appear- 
ance of a mandelstein of basaltic formation. 
M. Bou^ in his interesting Essai G^ohgigtte sur 
PEcosse, p. 136— 16S., describes pyroxenic rocks 
(doleritea), imbedded in the old red sandstone. 
Without in any way deciding on the question of 
the origin oS those masses, or in general on tiiat of 
10 
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the primitive and transition rocks, we shall denote 
by the name of volcanic formations, the least inter^ 
rupted series of rocks altered by fire. 

In making the enumeration of rocks, I have used 
the names most generally employed by the geo- 
gnosts of France, Germany, England, and Italy. 
I apprehended, that in endeavouring to perfect the 
nomenclature of formations, I might add new 
difficulties to those which already exist in discussing 
the subject of superpositions. I have, however, care* 
fidly avoided the denominations which have been 
too long preserved, of lower and upper limestone ; 
gypsum of the firsts second^ or third formatum ; old 
ornero red sandstone. These denominations no doubt 
present a true geognostic character; they relate^ 
not to the composition of rocks, but to their relative 
age. As the genial type, however, of formations 
in Europe, cannot be modelled on that of a single 
canton, the necessity of admitting parallel form- 
ations (sich vertretende Gebirgsarten) renders the 
names of Jlrst or second gypsum, of old or 
middle sandstone^ extremely vague and obscure. 
In one country we are justified in considering a bed 
of gypsum or sandstone as a particular formatioOt 
while in another it must be regarded as subordinate 
to neighbouring fi>rmati:6ns. Geographical deno^ 
ndnations are certainly the best, and they give very 
precise ideas of superposition. When we say that 
a formation is identical with the porphyry of Chris- 
tiania» the lias of Dorsetshire, the sandstone of 
Nebra (tente sandste$n)f the coarse mariae lime- 

D 9 



S6 

stone (calcaire grossier) of Paris, those assertions 
leave no doubt in the mind of a well-inibnned 
geognost of the position we mean to asugn to 
the formation described. By a tacit convention, 
therefore, the words, zechstein of Thuringia, 
limestone of Derbyshire, calcaire grossier of 
Paris, have been introduced into mineralogical 
language; they call to mind a limestone which 
immediately succeeds to die old red and coal sand- 
stone, a transition limestone placed beneath the 
coal sandstone, or, formations, more recent than 
chalk. The only difficulty in this multiplicity 
of geographical denominations consists in the choice 
of names, and in the degree of certainty which we 
have acquired respecting tlie place, or relative age 
of the rock, to which we refer the others. The 
English geognosts seek their re^ marl and their Has 
on the Continent; the German geognosts their 
variegated sandstone and their muschelkalk. These 
terms are associated in the minds of travellers with 
local recollections ; consequently, in order to create 
precise ideas, we have only to chuse localities that 
are generally known and celebrated either by the 
working of mines, or by scientific descriptions. 

In order to diminish the efiect of national vanity, 
and annex the new names to more important objects, 
1 long since proposed (1795) the denomination of 
Alpine and Jura limestone. A part of the High- 
Alps of Switzerland and the greater part of the Jura 
are no doubt formed of those two rocks; the names, 
however, now generally received, of Alpine lime- 



37 

stone (zechstein) and Jura limestone, ought in my 
opinion to be modified or altogether abandoned. The 
lower beds of the Jura mountains, containing gry- 
phites, belong to a more ancient formation ; and a 
great part of the Alps of Switzerland is certainly not 
zechstein, but transition limestone, according to 
MM.de Buch and Eschen It would be, therefore, 
better to choose the geographical names of rocks, 
from those of insulated mountains, the whole vi- 
sible mass of which belong to one general formation, 
than to borrow them, as I have done, improperly from 
the whole chain. I believed, and many geognosts 
were of this opinion, that the Jura limestone (lime- 
stone of the caverns of Franconia) was generally, 
on the Continent, placed below the sandstone of 
Nebra (Jbunte sandstein), and between this sandstone 
and the zeclistein. Subsequent observations have 
proved, that the name of Jttra limestone had been 
properly applied to rocks which are distinctly sepa- 
rated from the mountains of Western Switzeriand ; 
but the principsd geognostical place of this form- 
ation (when the lower formations are not wanting) 
i^ far above the sandstone of Nebra, between mus- 
chelkalk (or quadersandstein) and the chalk. A 
geographical name, when applied with propriety to 
several analogous rocks, calls our attention to the 
identity of their geognostic positions ; but the place 
which those homonymous rocks should occupy in 
the whole series is never well determined, but when 
the geographical name has been fixed upon after a 
complete certainty with respect to their geognostic 
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position. Geognosta 6nd fhemselvel in mmiUv 
drcumstaQces, when endeBvouringto detenniae the 
relative age of the nudasse of A^fovia (nagel- 
fluhe), and the quadenandBtdii of Firna (white 
sandstone of M. Bonnard)} two very recent rocks, 
which have been studied well s^arately, but 
the connection of which with each othefi with the 
chalk, and with the Jura limestone have but latelj 
been made out. We may feel sufficiently confi- 
dent in having ascertained that rocks in the New 
Continent are identical with the molasse or the 
quadersandstein, although we cannot determine 
their relations with the rest of the secondary, or 
tertiary beds. When formations are not in im- 
mediate contact, and are not covered by beds of 
which the position la known, we can only judge 
of their relative age from simple analogies. 

The terms of the geognostic series are simple or 
complex. The greatest part of the primitive form* 
ations, as granite, gneiss, mica-alate, clay-slate, &c. 
belong to the simple terms. The complex terms 
are foimd chiefly among transition rocks, in which 
each fonnation comprehends a complete group of 
rocks that alternate periodically. The terms of 
the series are not transition Umestone, nor grau- 
wacke, constituting independent formations ; but 
associations of clay-slate, greenstone, and grau- 
wacke ; of porphyry and grauwacke ; of steatitic 
granular limestone, and pudding-stones formed from 
primitive rocks ; and of clay-slate and black lime- 
stone. When those associations are composed of 
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three or four alternating rocks, it is difficult to 
give them names sufficiently expressive to indicate 
the whole composition of the group, and all the 
particular members of the complex term of the 
series. But it may help to fix the groups in the me- 
mory, or to call to mind the rocks that predominate, 
and which are never quite wanting in the neighbour- 
ing groups. Thus, steatitic granular limestone cha- 
racterises the formation of the Tarentaise ; grau- 
wacke, the great transition formation of the Hartz 
and the banks of the Rhine } metalliferous porphy- 
ries, containing much hornblende, and almost des- 
titute of quartz, the formation of Mexico and 
Hungary. Though the phenomena of alternation 
and of grouping attain their maximum in the 
transition formations, yet they are not entirely ex- 
cluded from primitive and secondary formations; 
in both, the complex terms ai*e blended with the 
simple terms of the geognostic series. I shall 
mention among the secondary formations, the 
sandstone placed above the alpine limestone 
(sandstone of Nebra, bunte sandstein), which is 
an association of marly clay, sandstone, and 
oolites ; the limestone that covers red sandstone 
with coal (the zechstein, or alpenkalkstein), which 
b an association less constant of limestone, of 
muriatiferous gypsum, stinkstein, and friable bitu- 
minous marl (asche of the Mansfeld miners). In 
primitive formations we find the first three terms of 
the series, the most ancient rocks, either insulated, 
or alternating two and two, according as they are 
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geognosticaily nearer each other by their relative 
age or all three alternating together. Granite some* 
times forms constant asBodations with gneiss, and 
gneiss with mica-slate. These alternations follow 
particular laws ; we see, for instance, in Brazil, and 
(although less distinctly) in the chain on the coast 
of Venezuela, granite, gneiss, and mica-slate in 
triple association. But I have no knowledge of 
granite alternating only with mica-slate, or of gneiss 
and mica-slate alternating only with clay-slate. 

We must not confound (a point on which I 
have often insisted in this essay) rocks passing in- 
sensibly to those with which they are in immediate 
contact ; for instance, micarslates that oscillate 
between gneiss and clay-slate, with rocks that 
alternate together, and preserve all their distinct 
characters of composition and structure. M. 
d'Aubuisson has long since shown, that chemical 
analysis connects clay-slate with mica. {Journal 
de Pkysiqite, tom. Ixviii. page 128. Traite de 
Giognosie, tom. ii. page 97-) The former has 
not, indeed, the metallic lustre of mica-slate : 
it contains a littie less potash and more carbon ; 
the silica does not unite in knots or thin plates 
of quartz, as in mica-slate ; but there can be 
no doubt that the scales of mica constitute the 
principal basis of clay-slate. These scales are so 
united together, that the eye cannot distinguish 
them in the mass. Perhaps this very affinity pre- 
vents the alternation of clay-slate and mica-slate ; 
/or in these alternations nature seems to iavour the 
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association of heterogeneous rocks, or, to use a 
%urative expression, she delights in those associa- 
tions in which alternating rocks exhibit a great con- 
trast of crystallization, mixture, and colour. I saw in 
New Spain dark-coloured greenstone alternating 
thousands of times with reddish-white syenites, 
that abound more in quartz than in feldspar ; veins 
of syenite occur in this greenstone, and veins of 
greenstone in the syenite ; but neither of those 
rocks passes into the other. (Essai PoUtiqtie sur la 
NotweUe Espagne, torn. ii. p. 523.) At their 
actual contact, they exhibit differences as strongly 
marked as the porphyries that alternate with grau- 
wackes and syenites, the black limestone that alter, 
nates with transition clay-slate, and many other 
rocks altogether heterogeneous in their composition 
and general aspect. It may be observed further, 
that when in primitive formation, rocks more nearly 
allied to each other from their composition than by 
their structure, or their mode of aggregation, for 
instance, granite and gneiss, or gneiss and mica- 
slate, alternate, those rocks do not show the same 
tendency to pass into each other, which they 
display in non-complex formations. We have al- 
ready observed above, that a bed 3, when it occurs 
more frequently in the rock a, points out to the geo- 
gnostic traveller, that the simple formation a is about 
to be succeeded by a complex formation, in which 
a and 3 alternate. Afterwards it may happen that ^ 
assumes a greater development; that a is no longer 
an alternating rock, but merely a subordinate bed 



to 3» and that this rock app^ra by itself tiU» 
by the frequent appearance of beds y, it forms the 
prelude to a complex formation of 3 alternating 
with y. We may substitute to these signs the words 
granite, gneiss, and mica^te ; those of poiphyrj, 
grauwacke, and syenite ; of gypsum, marl, and fetid 
limestone (^stinkstein) i but the patigrapMc lan- 
guage has the advantage of generalising problems, 
and conforms more to the requisites of geogmttk 
philosophy, of which I here attempt to trace the fir^> 
elements, as far as regards the study of the super- 
position of rocks. But, between fonnations, sim- 
ple and nearly connected in the order of their rela- 
tive antiquity, between the formations a ^ y, com- 
plex formations, a ^ and ^ y, are often found placed, 
(that is, a alternating with ^, and 3 alternating with 
y); it is also observed, though less frequently, 
that one of those formations (for ii^tance, a) 
takes an increase so extraordinary, that it enve- 
lopes the formation 0, and that J9, instead of ap- 
pearing as an iudependent rock, placed between 
a and y, is only a bed in a. Thus, in Lower 
Silesia, the red sandstone contains the formation 
of zcchstcin ; tlie limestone of Kunzendorf with 
impressions of fish, and analogous to the bitumi- 
nous marl of Thuringia abounding also in fish is 
entirely enveloped in the coal sandstone. (Buch, 
lieob, t. i. p. lOl. 1^7. ; Id. Retsenach Norwegen^ 
tip. 1^6. \ llaumcr, Gebirge von Nieder-Schksim, 
p. 700 M. Ueudant (See Min. t. iii. p. 183.) has 
obwrvud a similar phenomenon in Hungary. In 
other rcgionii, for instance, in Switzerland, and at 



the southern extremity of Saxony, the red sandstone 
disappears altogether ; being replaced, or in some 
sort suppressed, by an immense development of 
grauwacke, or of alpine limestone. (Freiesleben, 
Kupjersck^ b. iv. 1090 These effects of the alterna- 
tion and unequal development of rocks are so much 
the more worthy of attention, as the study of them 
may throw light on some apparent deviations from a 
type of superposition generally received, and may 
serve to refer to a common type the series of posi- 
tions observed in countries veiy distant from each 
other. 

To designate the formations composed of two 
rocks that alternate with one another, I have gene- 
rally preferred the words granite and gneiss f syenite 
and greenstone, to the more usual expressions of 
granite^gneisSf syenite-greenstone; I apprehended 
that the latter method of designating the formations 
composed of alternating rocks, might rather suggest 
the idea of a passage of granite to gneiss, or of 
syenite to greenstone. In fact, a geognost whose re- 
searches on the trachytes of Germany have not been 
sufficiendy appreciated, Mr. Nose, has already em- 
ployed the words granite-porphyries, sndporphyry- 
granites, to indicate the varieties of structure and 
aspect, and to separate the porphyroid granites 
from porphyries, which, by the frequency of crys- 
tals imbedded in the mass, exhibit a structure of 
aggregation, a real granitic structiu-e. In adopt- 
ing the denominations of granite and gneiss, of 
syenite and porphyry, of grauwacke and porphyry. 
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of limestone and clay-ikte, no doubt u left on the 
nature of the complex terms of the geognoitic 
series. 

Among the different prooft of the identity of 
formations in the most distant regions of the globe, 
one of the most stnkin^ and which we fiwe to 
zoology, is the identity of the oiganic bodies buried 
in beds of similar pontion. The researches that 
lead to this species of proof have greatly exercised 
Qie sagacity of the learned, nnce MM. de Lamarck 
and Defrance began to determine the fosal shells 
in the vicinity of Paris, and since MM. Cuvier 
and Brongniart have published their well known 
work on fossil bones and tertiary beds. As the 
most considerable mass of the formations that com- 
pose the crust of our planet contains no vestiges of 
organised bodies, and as those vestiges are very rare 
in transition rocks, are t^len broken, and difficult 
to separate from the rock, in the oldest- secondaiy 
beds, the profound study of fossil bodies compre- 
hends but a small part of get^osy, but a part 
which is highly deserving of the attention of tiie 
philosopher. The problems to be solved are nume- 
rous i they relate to the geography of animals, the 
races of which are extinct, but which still belong 
to the history of our planet ; and they involve the 
description of the zoological characters, by means of 
which we wish to distinguish the different ibnn- 
atdons. In order to adhere to my plan of consider- 
ing, in this Introduction to the tabular Arrange- 
ment of Rocks, the different objects in the most 
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general point of view, I shall mention the queries 
in geognostic zoology, that appear the most im- 
portant in the present state of the science, and 
of which the solution has been attempted with 
more or less success. What are the genera, and (if 
the state of preservation and the slight adherence 
to the rocky mass permit a more complete de- 
termination,) what are the species to which fossil 
remains belong ? Will not an exact determination 
of the species lead us to recognise with certainty 
those which are identical with the plants and 
animals of the present world? What are the 
classes, the orders, and the families of organised 
beings, which exhibit the greatest number of those 
analogies ? In what proportion does the number of 
identical genera and species augment, as the rocks 
or earthy deposits are newer ? Is the order ob- 
served in the superposition of intermediary, se- 
condary, tertiary, and alluvial formations, every 
where in harmony with the increasing analogy 
which the types of organisation exhibit? Do 
these types succeed each other from below up- 
wards, (passing from grauwacke and black trans- 
ition limestone, by coal sandstone, alpine and Jura 
limestone, and chalk, to tertiary gypsum, fresh- 
water formations, and modem alluvia,) in the 
same order which we adopt in our systems of 
natural history, arranging the several beings as their 
structure becomes more complicated, and as other 
systems of organs are found added to the organs of 
nutrition ? Does the distribution of organised fossil 
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bodies indicate a prpgreuiTe devdi^meiit of vege- 
table and animal life m the gMxi aruiccesaive 
i^pearance of acotyledon .and monoootfledon 
plants, of zoophitea, cnirtacea, nudluscaa, (cephalo- 
podes, aceptialit gasteropodes,) of fish, aauriaiu 
(oviparous quadrupeds), dicotyledon plants, and 
sea and land mammifene ? In considenng fossil 
bodies not in thdr conoection with certain rocks 
in which they have been discovered, but merely in 
relation to their distributtim acctvding to climates, 
is an appreciable difier^ice found between the 
species which predominate in tiie ancient and in the 
new continent, in temperate climates and in the 
torrid zone, in the northern and southem hemi* 
sphoes? Is there eveiy where found a certain 
number of the tropical species, which seon to 
denote that, independently of a distribution of 
climates similar to those of the present time, they 
have experienced in the first period of the world, 
the hi^ temperature which the fissured crust of 
the globe, strongly heated in its interior, had given 
to the circumambient air ? Is it possible to dis- 
tinguish, by precise characters, fresh-water fivm 
marine shells ? Is the determination of the genera 
complete, or are there (as among fish,) some genera 
of which the q>ecies live alike in rivers and the 
seas 7 Although in some tertiary rocks fluviatile 
^ells are found mixed, as at the mouths of river^ 
with p^agic shells, may it not be (Served, in 
general, that the first form particular deposits, 
characterising those formations, the study of which 
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had been hitherto neglectedt and which are of a 
very recent origin ? Have any fresh-water shells 
ever been discovered beneath Jura limestone, near 
fish reputed to be fluviatile, in the bituminous slate 
of the alpine limestone 7 Are the same species of 
fossils found in the same formations on different 
points of the globe ? Can they furnish zoological 
characters by which the various superimposed 
f(»rmations may be recognised ? or ought we 
not rather to admit that those species which the 
zoologist must regard as identical, according to 
.the adopted methods, penetrate through several 
formations, and appear even in those which are 
not in immediate contact? Ought not the zoo* 
logical characters to be drawn from the total 
absence of some species, and from their relative 
frequency or predominance ; finally, from their 
constant association with a certain number of other 
species? Ought we to divide a formation, the 
unity of which has been recognised, from the re- 
lative position and the identity of the beds which 
are interposed equally in the upper and lower 
strata, for the sole reason that the former strata 
contain fresh-water shells, and the latter sea shells? 
Is the total absence of organised bodies in certain 
masses of secondary and tertiary formations, a 
sufficient reason for considering those masses as 
particular formations, if other geognostic facts do 
not justify that separation ? 

A part of these problems has been presented 
long since to naturalists* Lister maintained above 



a hundred and fifty years ago, that every rock was 
characterised by diSerent fossil shells. (P^JL TVani., 
No. 76., p. iSSS.) To prove that the shells of our 
seas and lakes are specificaUy diflferent from fossil- 
shells (^lapides sui generis), he affirms that the latter* 
those, for instance, of ike quarries of. Northamp* 
tonshire, bear all the characters of our Murex, our 
TeUmOt and our Trochut ; but that those na- 
turalists, who are not contented with a vague and 
general view ofthings, will find that many fbssU shells 
are specifically difierent from all the shells of the 
present world." Nearly at the same period, Ni- . 
cholas Stenon (de soUdo intra soUdum contento, 
1669, p. 2. 17. 28. 63. 69. fig. XX.— XXV.) firet dis- 
tinguished " the primitive rocks anterior to the 
existence of plants and animals on the globe, and 
consequently never containing any organic re- 
mains, from the secondary rocks superimposed 
on the former, and filled with animal remains (_tw- 
bidi maris sedimenta sibi iiwicem imposita')" He 
considered every bed of secondary rock " as a se- 
diment deposited by an aqueous fluid •" and adopt- 
ing a theory quite similar to that of Deluc, " on 
the formation of vallies by longitudinal sinkings. 
and on the inclination of beds originally horizon- 
tal '" he admits for the formations of Tuscany, in 
the same manner as modem geologists, " six great 
epochas of nature (^sex distinct^ Etrurite Jades, 
ex pr(ssenti Jade Etrurue collects), according as 
the sea periodically inundated the continent, or re- 
tired witliin its ancient hmits." At the time when 



49 

the observation of nature gave rise in Italy to the 
first ideas on the relative age, and the succession, of 
primitive and secondary beds, zoology and geognosy 
could not as yet lend mutual aid to each other, be- 
cause the zoologists had no knowledge of rocks, and 
the geognosts were altogether strangers to the na- 
tural history of animals. They vaguely regarded 
every thing as specifically identical that exhibited 
any analogy of form ; but, at the same time, (and 
that was a step made in the right path,) they paid 
attention to the fossils which abounded in par- 
ticular rocks. Thus the denominations of gryphite 
limestone, limestone with trochites, schists with 
ferns, schists with trilobites (Gryphiten-und Tro- 
chiten-Kalk ; Krauterund Trilobiten-Schiefer,) 
were very anciently employed by the minera- 
logists of Germany. The determination of the 
genera characterised by the teeth, the grooves, 
the sharp and indented edges of the hinge, by 
the folds and fillets at the opening of the sheU, is 
much more difficult in the most ancient secondary 
rocks than in the tertiary formations ; the former 
being generally less friable, and adhering more to 
the shell of the fossil body. This difficulty aug- 
ments when we wish to distinguish the species, and 
becomes almost insurmountable in some calcareous 
transition rocks, and in the muschelkalk which 
contains broken shells. If the zoologic characters 
of a certain number of formations could be formed 
from genera sufficiently distinct, if trilobites and 
orthoceratites belonged exclusively to intermediary 



formations, the gryphites to the alpine limestone 
(zecbstein), the pectinites to the bunte-sandstein 
(sandstone of Nebra), trochites and mytilites to 
the muschelkalk, tellinse to quadersandstein, am- 
monites and turritells to the limestone and marl 
of the Jura, the ananchytes and the apatangi to 
the chalk, and cerithia to the calcaire grossler of 
Paris ; the knowledge of those genera would greatly 
fiicilitate the determination of rocka ; it would no 
longer be necessary to examine the auperposition of 
formations on the spot ; this might be ascertained 
in the cabinet, and only by consulting coUectionB. 
But Nature has not rendered so easy the study of 
the shelly masses that constitute the crust of our 
planet. The same types of organisation are re- 
peated at very different epochas ; the same genera 
are found in the most distinct formations. Ortho- 
ceratites occur in transition limestone, alpine lime- 
stone, and variegated sandstone ; terebratulites in 
the limestone of Jura and the muschelkalk; trOo- 
bites in transition clay-slate, in the bituminous slate 
of the zechstein, and, according to an excellent 
geognost, M. de Schlottheim, even in Jura Ume- 
stonej there are pentacrinites in transition clay- 
^te, and the most modem muschelkalk. The 
ammonites penetrate through many calcareous 
and marly formations, from grauwacke, (Raumer 
Versuche, p. 22. ; Schlottheim, Peirefactenbtmde, 
p. 38.) as far as into the lower beds of the chalk. 
Trunks of monocotyledon plants occur in the red 
sandstone, and in the marls of the fresh-water 



gypsum formed at a period when dicotyledon plants 
were already abundant in the world. 

But in the present age, naturalists are no longer 
satisfied with vague and uncertain notions, and they 
have sagaciously observed that the greatest number 
of those fossils (gryphites, terebratulites, ammo- 
nites, trilobites, &c.) buried in difierent formations, 
are not specifically the same ; that many species 
which they have been enabled to examine with 
precision, vary with the superposed rocks. The 
fish that have been observed in transition slate 
(Glaris), in the bituminous slate of the zechstein, 
in the Jura limestone, in the tertiary limestone 
with cerithia of Paris and of Monte Bolca, and in 
the gypsum of Montmartre, are distinct species, 
partly pelagic, and partly fluviatile. Ought we to 
conclude from this assemblage of facts, that all the 
formations are characterised by particular species? 
that the fossil shells of the chalk, of the muschel- 
kalk, of the Jura limestone, and of the alpine 
limestone, all differ from each other ? This would 
be, in my opinion, to carry the induction much 
too &r ; and M. Brongniart himself, who knows 
so well the value of zoolo^cal characters, restricts 
their absolute application to the case where it 
is not opposed by sup^position, or the circum- 
stances of their geognostic place. I might mention 
the cerithia of the limestone which is found (near 
Caen) below the dialk, and which seem to in- 
dicate (like die repetition of clays with limited 
above and below the chalk,) a certain c<xinecti<»i 
E 3 
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between formatioDs wUdh at first si^t ^vpear to 
be quite distinct J mi^ dwell <ttolii«r q>edes.of 
shells which belong at the same time to scleral terti- 
ary formations, andadd, tiiBtevenifataiiituntUBe 
weshould succeed in sqiantii^, by sli^t character^ 
and insensible gradatioaa, qtedea wbichai««t pre- 
sent considered as identical, those nice diotiactkau 
would not quite satisfy tiie eaquirer conceraing die 
universality so desiraUU^ of sot^ogic duActen in 
geognosy. Another oli^eetion, drawn from the in- 
fluence which climates exert evea oa pelagic ani- 
mals, appears to me still more important. Altfaou^ 
the seas, from well-known physical causes, have, 
at immense depths, the same temperature at the 
equator and within the temperate zone, yet we see, 
in the present state of our planet, the shells of the 
tropics (among which the univalves predominate, as 
they do among the testaceous fossils,) differ much 
from the shells of northern climates. The greatest 
number of those animals adhere to re^ and shal- 
lows ; whence it follows, that the ^eciiic differences 
are often veiy sensible in the same parallel on 
opposite coasts. Now, if the same formations are 
repeated and extended to immense distances, from 
east to west, from north to south, and from one 
hemisphere to Uie other, is it not probable, what- 
ever may have been the complicated causes of the 
antient temperature of our globe, that variations 
of climate must have modified, heretofore as now, 
the types of organisation ; and that the same 
formation (that is the same rock placed in the two 
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hemispheres between two homonymous formations,) 
would have enveloped different species? It no 
doubt often happens, that superposed beds present 
a striking difference in their fossil organic re^ 
mains. But can we thence conclude, that after a 
deposit was formed, the beings which then inhabited 
the surface of the globe were all destroyed ? It is 
incontestable that generations of different types 
have succeeded to one another. The ammonites, 
which are scarcely to be found among transition 
rocks, attain their maanmimi in the beds that re- 
present, on different points of the globe, the mus- 
chelkalk and Jura limestone ; they disappear in the 
upper beds of the chalk, and above that formation. 
The echinites, extremely rare in alpine limestone, 
and even in muschelkalk, become on the con- 
trary very common in the Jura limestone, chalk, 
and tertiary formations. But nothing proves that 
this succession of different organic types, this 
gradual destruction of genera and species, coin- 
cides necessarily with the periods at which each 
formation took place. " The consideration of the 
similitude or of the diflference between organic re- 
mains is not of great importance, (says M. Beu- 
dant. Voyage Min.j tom. iii. p. 278.) when we 
compare the deposits which have been formed in 
countries very distant from each other; but is 
highly important if we compare deposits that are 
near together." 

In opposing the absolute opinion which we might 
be tempted to form on the value of, zoological 

E 3 



M 



ebar«ctars» I am im.firritt^fdeBfnqfjdie>iB^^ 
services rendered to ^gtegmsf 1^»tlie;aix^ 
fossil organic bodies^ iC^mftaDQiideir.iiial fltted^ 
ft philosophic point of. iriew. . G«6gnq^ i»^&ol 
confined to the research fefi idiagpoitia cfmndtm^ 
it comprehends the wlude cf lliofte idatiMimm 
which we may consider ^v&f famslixmi lt% Hi 
position; Sdly, its oryctognoirtk eonstiUtkn (tM 
is, its chemical compoatkmt aad lie particular 
mode of aggregation^ m<Mre or lesacryatalliB^. of 
its molecules); Sdly, llie asftoriatieii of cBflfaieiit 
organised bodies that are ibpnd iiiditdde^^iAii^; 
If the superposition of different heterogeneouis rod^ 
masses exhibits to us the successive order of their 
formation, why should we not be interested in 
knowing the state of organic nature at the dif- 
ferent epochas when those d^osits were formed? 
There can be no doubt that on a surface of 
several thousand square leagues (in Thuringia^ 
and in aU the northern part of Germany), nine 
superposed formations^ viz. that of transition lime- 
stone, grauwacke, red sandstone, zechstein with 
bituminous slate, muriatiferous gypsum, oolitic 
limestone, gypsum in clay, muschelkalk, white 
sandstone (quadersandstein), have been recognised 
as distinct, without having had any recourse to the 
use of zoological characters; but it does not foUow 
Irom thence, that the most minute examination of 
those characters, or rather that the most intimate 
knowledge of the fossils contained in each form-> 
ation, is uQt indispensable in order to form a com; 
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plete geogDostic work. The study of fonnatioDS is 
similar to that of organised beings. Botany and 
zoology, considered at present in a more elevated 
point of view, are ho longer confined to the ex- 
amination of some external characters, and distinc-' 
tions of species; those sciences enter more pro-. 
foundly into the study of the whole vegetable and 
animal organisation. The characters drawn from 
the forms of shells suffice to distinguish the dif- 
ferent species of testaceous acephalse. Shall we, 
on that account, regard as superfluous the know- 
ledge of the animals which inhabit these shells ? 
Such is the connection among phenomena, and 
their natural relations (those of life as well as those 
displayed by the stony deposits formed at different 
periods), that if we neglect any of them we shall 
form not only an incomplete, but most frequently, 
an erroneous picture of the whole. 

In the case of the conformity of position, there 
may be identity of mass (that is, of mineralogicai 
compositimi, ) and diversity of the fossils, or diversity 
of mass and identity of fossils. The rocks fi and ^, 
placed at great horizontal distances, between two 
identical formations, a and y, belong either to the 
same formation, or are parallel formations. In 
the first case, their composition is similar; but 
on account of the distance of places, and effects 
of climate, l^e organic remains which they con- 
tain may differ considerably. In the second case 
the mineralogical composition is different, but the 
organic remains may be analogous. X consider 
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the words ideniicalformationSf paraUelJbrmatums, as 
indicating the conformi^ or DOti'CfHifomuty of mi- 
neralogical composition; but they do not enable 
us to prejudge respecting the identity of fbasilB. 
If it be sufficiently probable that the deposits jS 
and ^ placed at great horizontal distances between 
the same rocks, a and y, are formed at the same 
epochs, because they contiun the same fossils, and 
are of the same composition, it is not equally probable 
that the epocftas qfjbmmtion are very distant firom 
each other, when the fossils are distinct. It may 
be conceived that in the same zone, in a country of 
small extent, generations of animals have succeeded 
each other, and have characterised, as itwere by par- 
ticular types, the epochs of formations; but at great 
horizontal distances, beings of various forms may 
have occupied simultaneously, in different climates, 
the sur&ce of tlie globe, or the basin of the sea. 
It may be observed further, that the position of ^ 
between a and y proves that the formation of ^ is 
anterior to that of y, and posterior to that of «; 
but nothing gives us an absolute measure of the 
intervals of time; and different insulated deposits 
of may not be simultaneous. 

It seems to result from tlie facts collected through 
the zeal and sagacity of naturalists within a few 
years, that, though we must not always expect to 
find, as Lister pretended, in every different form- 
ation, vcKtigcs of different organised bodies, yet 
thiwc formations which are considered as identical 
from tlicir plitce and composition, usually contain. 
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in the most distant countries of the globe, associa- 
tions of species entirely similar. M. Brongniart 
(whose labours, joined to those of MM, Lamarck, 
Defrance, Beudant, Desmarest, Prevost, Ferussac, 
Schlottheim, Wahlenberg, Buckland, Webster, 
Phillips, Greenough, Warburton, Sowerby, Brocchi, 
Soldani, Cortesi, and other celebrated mineralogists, 
have so much advanced the study of subterraneous 
conchologify^ has recently pouited out the striking 
analogies which fossil bodies present in certain 
formations of Europe and North America. He 
has attempted to prove that a formation is some- 
times so disguised, that it can only be recognised by 
zoological characters. (Brongniart, HisL Nat. des 
Crustacees Fossiles, p. 57. 62.) In the study of 
formations, as in all the descriptive physical sci- 
ences, it is the sum of many characters that should 
guide us in Ae search after truth. The specific 
description of the vestiges of plants and animals 
contained in the various rocks becomes a sort 
of Flora or Fauna. Now, in the primordial 
world, as in the present, the vegetation and the 
animal productions of various portions of the 
globe appear to be less characterised by some insu- 
lated forms of an extraordinary aspect, than by the 
association of many forms specifically different, but 
analogous among themselves, notwithstanding the 
distance of the localities. In discovering a new 
land, near to the streight of Torres, it would not 
be easy to determine, from a small number of pro- 
ductions, if that land be contiguous to New HoU 
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land, to one of the Molucca islands, or to New 
Guinea. To compare formations with relation to 
fossils, is to compare the Floras and Fawfuu of 
various countries at various periods ; it is to solve 
a problem so much the more complicated, as it is 
modified at once by space and time. 

Among the zoological characters applied to geo^ 
gnosy, the absence of some fossils often characterises 
formations better than their presence. This is the 
case with the transition rocks ; we find, in general, 
only madrepores, encrinites, trilobites, orthocera- 
tites, and shells of the family of terebratulce ; that 
is to say, fossils, of which some species not 
identical, though analogous, are found in very 
modern secondary beds; but in these transition 
rocks many other remains of organised bodies are 
wanting, which appear in abundance above the 
red sandstone. The opinion which we may form 
from the absence of certain species, or on the 
total absence of organic bodies, may, however, be 
the consequence of an error which it will be useful 
to point out. In examining in a general manner the 
formations containing shells, we see that organised 
bodies are not always equally distributed in the 
mass: but 1st, that strata entirely destitute of 
fossils alternate with other strata where they 
abound; 2dly, that in the same formation, particular 
associations of fossils characterise certain strata 
that alternate with other strata containing different 
fossils. This phenomenon, long since noticed, is 
jfound to occur in the muschelkalk, and alpine 
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limestone (zechstein), which are often separated 
from the coal sandstone by a bed containing tro- 
chites. (Buch, Beob., t i- p. 155, 156- lyi,) This 
is also the case in the Jura limestone, and in several 
tertiary formations. In studying only the chalk 
in the vicinity of Paris, we might almost be induced 
to think that univalve shells are entirely wanting 
in this formation; but the polythalamous uni- 
valves, the ammonites, as we have already ob- 
served, are very common in England, in the oldest 
beds of the chalk. Even, in France, (on the hill 
of Saint Catherine, near Caen,) the tufaceous chalk 
(craie tuffeau) and the chalk with chlorite (craie 
chlorit6e) contain many fossils that are not found 
in the white chalk. (Brongniart, Caracteres Zool^ 
p. 12.) The formations not being equally developed 
in dijSerent countries, portions of formations bemg 
often taken for entire and complete formations^, 
those which are destitute of shells in one regi<»i» 
may contain them in another. This consideratioflr 
is important in order to prevent the disposition tQ 
multiply formations unnecessarily ; for when on 
the same point of the globe, a formation (for in- 
stance, sandstone,) contains in its lower part a 
great quantity of fossils, which are entirely wanting 
in the upper part, this absence of fossils does: 
not alone justify the division of the formations intO' 
two distinct portions. M. Brongniart, in the gf^o-, 
logical description of the environs of Paris, has 
properly united the meuliere without shells with. 
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those beds which are completely filled with tresh 
water shells. 

AVe have just seen that a formatioD may contain, 
in different strata, petiifiictions of different species, 
but that most frequently some species of an in- 
ferior stratum will be found in the mass of hetero- 
geneous species that occurs in the superimposed 
bed. When this diffirence bears upon genera, 
some of which are pelagic shells, and others fresh- 
water shells, the problem of the unity, or the 
indivisibility of a formation becomea more embar- 
rassing. We must first distinguish two cases, that 
in which some fluviatile shells are found minted 
with a great number of marine shells, and that 
where marine and fluviatile sheila may alter- 
nate bed by bed. MM. Gillet, De Lauraont, 
and Beudant have made interesting observations 
on the mixture of marine and fresh-water pro- 
ductions in the same bed. M. Beudant has 
proved by ingenious experiments, that many flu- 
viatile molluscs may be gradually accustomed to 
to live in water which has all the saltness of the 
ocean. The same naturalist has examined, con- 
jointly with M. Marcel de Serres, certain species 
of paludinee, which, preferring brackish watei-, are 
found near our coasts, sometimes with pelagic 
shells, sometimes with fluviatile shells. (Joumal 
de Phfs., t.lxxxiii. p. 137., t Ixxxviu. p. Sll.j 
Brongniart, Geog.Mm., p. 2?. 54. 89.) To these 
curious fiicts others may be added, whicli I have 
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published in the Narrative of my Voyage aux 
Regions EqvinoxialeSy (t. i. p. 556., tiL p,606.), 
and which seem to explain what formerly took 
place on the globe, from what we now observe, I 
saw crocodiles on the coast of Terra Firma, between 
Cumana and Nuova Barcelona, advance far into the 
sea. Pigafetta made the same observation on the 
crocodiles of Borneo. To the south of the Isle of 
Cuba, in the gulph of Xagua, there are lamantins in 
the sea, where springs of fresh water issue in the 
midst o{ the salt water. When we reflect on the 
whole of these facts, we are less astonished at the 
mixture of some land productions with many 
others that are incontestably marine. 

The second case which we have mentioned, that 
of alternation, never occurs I believe in so decided 
a manner, as the alternation of clay-slate with black 
limestone in the same transition formation, or, (to 
recall to mind a fact, which relates to the distribution 
of organised bodies,) than the alternation of two 
great marine formations (limestone with cerithia 
and the sandstone of Romainville), with two great 
fresh-water formations (the g3^sum, and meuliere 
of the plateau of Montmorency). What the ac- 
curate observation of superpositions has hitherto 
supplied may be reduced to alternating beds of 
gypsum and marl, placed between two marine form- 
ations ; and containing in the middle, (where they 
are thickest,) land and fresh- water productions ; and 
towards the upper and lower limits, marine produc- 
tions, both in gypsum and in marl; such ia the geo- 
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logical ciHtstitiition ofihe gypsum of Montmutie. 
The ^>ecific variations in the petii&cti<ns, the 
mixture obserred at Fiendaie^ >nd the pbeno- 
mentxi o€ alternatiMi tint occun at Mtrntmaitra^ 
are not suffidem to audmiK the Mibdinding of » 
fivmation. The maris and the grpaum whidi 
contain marine shells, (So. l6 of the ddid maas,) 
cannot be geognostically sepanted from the mari 
and grpsum containii^ fredt-mtcr p(oducliao& 
MM. Cu^ier and Brongniart; there fo re; hare not 
hesicated to consider the vfaoie of those maris^ vith 
the marine and fresb-vato' grpaom, as the same 
fbnnation. llKee naturalists has« ercii dted thb 
assemblage of alternating beds as one of the clearest 
examines of what should be understood br the 
votd Jbrma/ioru (Geogr. Miner, p. 31. 39- 189>) 
In &ct, difiieot s^^temsof beds mar be omtained 
in the same fonnaSioa ; thei' are groups, sub- 
diviaons, ot, as it is said bv the geognosts of the 
9cbod of Freabeig, mexnba^ mmv or less developed 
of ^le simefonnatioD. (Freaesleben, Kajjfi^ t. L 
p. 17^ t. iiL pw 10 

Nofilbstandii^ ti>e mixture of pdagic and flu> 
Tiadie sheils, vbidi is sometimes ohserred at ^ 
cmtact of two ftnoations of difibem origin, the 
Bamef^aMTwe&iKstow, or of mariae setidatmf, 
any be given to one of those fematirats, when ve 
wish to derive the denonunatian cf the rocks onlv 
ftan the ^eoes wfaidh oonstitiitetbegivaiestmas^ 
fie of the beds. Ibis HBuaiKkifj 
to a bet thM faeioi^ u ^ KKSoe of geo- 
10 
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gony, and to the ancient history of our planet : 
it decides (perhaps somewhat too much) on the 
alternation of fresh and salt-water. I do not deny 
the utility of the denominations marine sandstone 
OT marine limestone for local descriptions ^ but, ac- 
cording to the principles which I propose follow- 
ing in this essay on formations, characterised accord- 
ing to the place which they occupy as the terms 
of a series, it appeared to me that I ought here 
carefully to avoid them. Are all the formations 
below the chalk, or even below the hmestone with 
cerithia (calcaire grossier of the basin of Paris), 
without exception, marine limestone and marine 
sandstone ? Or do the monitors and fish of the 
copper slate in the alpine limestone of Thuringia ; 
the ichthyosauri of Mr. Home, placed below the 
oolites of Oxford and Bath in the lias of Eng- 
land, (which is represented on the Continent by a 
part of the Jura limestone); the crocodiles of 
Harfleur, buried in the clay with limestone beds 
above the oolites of Dive, and the limestone of 
Isigny, (consequently superior to the limestone 
of the Jura,) prove that below the chalk; be^ 
tween this formation and the red sandstone, there 
are small formations of fresh-water interposed in 
the great numneJi»rmations ? Do not beds of coid 
with impressions of fern, beneath the red sandstonie 
and the secondary porphyry, furnish an evident 
example of a very ancient formation not marine ? 
These circumstances point otit^ in the present state 
irf'-the science^ how much caution should be used 
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when we attempt, from f^iancten that are ineRlj 
zoological, to dit-ide itKmatioiu, the uni^ of 
which seemed certain Ihim the altematioa of the 
same beds, and from other phenomena of poution. 
(Engelhard and Raumer, Gragx. Vers^ p. 125. 
153.) This caution is so much the more neces- 
sary, since, according to the testimony ofwt mine- 
ralogist who has long de^ly investigated this mat* 
ter, M. BroDgniart^ tiiere exists a s<Ht of traiuitioD 
between the formati<m of marine limestone and that 
of the fresh-water gypsum which follows this Ume> 
stone ; and those two fbnnations do not exhilut that 
abrupt separation which occurs in the same [rfaces 
between the chalk and the calcaire grossier, that i\ 
between two marine formations. The same obsen'«r 
adds, " it cannot be doubted that the first beds of 
gypsum were deposited in a liquid analogous to 
the sea, while those that succeeded were dqiosited 
in a Uquid analogous to fi'esh water." (Geogn, 
Min., p. 168. 193.) 

In stating the reasons which prevent me from 
generalising a terminoli^- founded on the contrast 
between fresh-water and marine productions, I am 
&r from disputing the existence of a fresh-water 
formation, superior to every other tertiary formation, 
and which contains only bulimi, linmese^ cyclo- 
stomK, and potamides ; recent observations have 
demonstrated that this frinnation is mmc generally 
spread, than was at first supposed ; it is a new and 
last term to be added to the get^ostic series. We 
owe the accurate knowledge of this fresh-water 
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lin^estone to the useful labours of M. Brongiiiart. 
The phenomena presented by the fresh-water 
formations, the existence of which was formerly 
known only by the tufas of Thuringia, and by 
the ever-renowned travertino of the plains of 
Rome, (Reuss, Geogn.^ t; ii. p. 642.; Buch, 
Geogn. Beob.^ t. ii. p. 21 — 30.,) are connected in 
the most satis&ctory manner with the admirable 
laws which M. Cuvier has noticed in the position of 
the bones of viviparous quadrupeds. (Brongniart, 
AnnaJes du Museum^ t xv. p. 357- 581» j Cuvier, 
Rech. sur les osaem. fossileSy t i. p* 54.) 

The distinction between fluviatile and marine 
fossil shells is an object of the most delicate research ; 
for it may happen, since the remains of organised 
bodies are detached with difficulty from the mass of 
siliceous limestone in which they are contained, that 
ampuUaria may be mistaken for naticae, and pota- 
mides for cerithia. In the concha family, we 
cannot with certainty separate cyclades and cyrenaj 
from venuses and lucinse, but by an examinatipn 
of the teeth of the hinge. The work undertaken 
by M. Ferussac, on land and fluviatile shells, will 
throw great light on this important object Also 
when we think we perceive a genus of pelagic 
shells in the midst of a genus of fresh-water shells, 
we may enquire, whether in fact the same general 
types may not be found in lakes and seas. An 
example is already known of a true fluviatile myti- 
lus ; perhaps the ampullaria and corbula^ $iffi>rd 
analogous compounds of marine and fresh-water 
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forms. (See a Memoir of M. Vdendennes^ infterfedf 
in my Receuil (TObs. de Zoologie et f Anatomic 
Comparee, t. ii. p. 218.) 

From these general considerations on zodogic 
characters, and the study of fossil bodies, if 
follows, that notwithstanding the admirable Uboul*'* 
of Camper, Blumenbach, and S5mmering» the 
exact determination of species, and the examinatiodr 
of their relations with beds very recent and.dose ta 
the chalk, does not date farther backthan twenty-five 
years. I believe, that the study of fossil oiganic 
bodies, applied to all the other second^ and in- 
termediate beds by geognosts, who consult at the 
same time the position and mineral compositicm 
of rocks, far from overthrowing the whole system 
of formations already established, will rather serve 
to support, improve, and complete its vast seriesr 
The geognostic science of formations may, no 
doubt, be investigated under very different points 
of view, according as we give a preference to the 
superposition of mineral masses, to their composi- 
tion (that is, their chemical and mechanical 
analysis), or to the fossils which are contained in 
many of those masses ; the whole of these are 
included in the science. The denommations, geo^ 
gnosy of position, or of superposition^ oryctognostic 
geognosy (yfhich considers the texture of the masses), 
and geognosy of fossils, designate, not branches 
of the same science, but various classes of relations 
which it is necessary to insulate, in order to study 
them more particularly. This unity of the science, 
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and the vast field it comprehends, were well re- 
cognised by Werner, the founder of positive geo- 
gnosy. Although he did not possess the necessary 
means for attaining a vigorous determination of 
fc^il species, he never failed, in his course of 
lectures, to fix the attention of his pupils on the 
relations that exist between certain fossils and form- 
ations of different ages. I witnessed the high 
satisfaction which he felt, when M. de Schlottheim, 
one of the most distinguished geognosts of the 
school of Freiberg, began in 1792 to make those 
relations the principal object of his studies- 
Positive geognosy has been enriched by all the dis- 
coveries that have been made on the mineral coosti^ 
tution of the globe, and furnishes valuable materiak 
to another science, improperly called the theory qf 
the earthy which comprehends the first history of the 
catastrophes of our planet. It reflects more light on 
that science than it receives in its turn ; and without 
contesting the ancient fluidity or the softness of 
the stony beds, (a phenomenon proved by the 
fossil bodies, by the crystalline aspect of the masses, 
by the rolled pebbles, or the fragments imbedded 
in the transition and secondary rocks,) positive 
geognosy does not pronounce on the nature of 
the liquids in which it is said that the deposits 
were formed, those waters qf granite ^ porphyry 9 
and gypsum^ which in hypothetic geology, are 
made to arrive tide by tide on the same pdint of 
the globe. 

In this essay on formations, I have not indicated 
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the dip of the strata n a geognostic character* 
No doubt, the discovdince of two rocks, (Un- 
gleicMbnnigkeit der Leigening,)^ that is» the 
want of parallelism in their direction and dipv i* 
most frequently an- errident proof of the inde- 
pendenee of the fonnatuxuf no doubts the- great 
inclination of the coal fonnstioii (coal meaiures)i 
the red sandstone, and tranmtion rocks, so ^istly 
contrasted in En^and hy Mr. Buckliradt with the 
horizontality of the magnesian limestone, red marl. 
Has, and all the more modem beds, is a ipheaotb^ 
non well worthy of attention > but in other r^pons 
of the earth, on the contJnent of Europe, and in 
equinoxial America, the alpine and Jura limestone 
are also highly inclined. In comprehending under 
the same point of view a vast extent of the globe, 
the Alps, the metalliferous mountains of Saaony, 
the Apennines, the Andes of New Grenada, and 
the Cordilleras of Mexico, we observe, that the 
inclination of the strata does not at all augment 
(as has been stated in some highly esteemed works,) 
according to liie age oi the formations. Some- 
times, and in formations of considerable extent^ 
there are beds almost horizontal among very ancient 
rocks: and farther, these phenomena have been 
observed rather among the primitive than the trans- 
ition rocks j and in the former, rather among gneiss 
and stratified granites, than among clay-slates and 
mica^slates. It appears to me, that in general, 
those rocks that are most inclined are found (if we 
omit the beds very near to high chains of maun- 
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tains,) between primitive mica-slate and the red 
sandstone. The horizontality of strata is very 
general, and strongly marked only above the 
chalk in tertiary formations; consequently, in 
masses of comparatively inconsiderable thickness. 

This is not the place to examine the question, 
whether all indined beds have been elevated or 
heaved up, as Stenon pretended in the year l667f 
and which seems to be proved by the local phe- 
nomena of pebbles, or flattened fragments, placed 
parallel to the surfaces^ of inclined beds in the 
conglomerates of transition (grauwacke), and in 
the nagelfluke ; or, if it be possible that attractions 
which have acted at the same time on a great 
part of the surface of the globe have produced in 
our plains strata originally inclined, similar to the 
superposed and originally inclined laminse which 
form the cleavage of a crystal. Certain sandstones 
(Nebra) exhibit a very regular parallelism in their 
thinnest layers, cutting at an angle of Kf to 35°, 
the fissures of horizontal or inclined stratification. 
Without attempting to solve these problems, I 
may be permitted to bring together some facts at 
the end of this introduction, that are connected 
with the study of positions. When, in the midst 
of a country not mountainous, or on table-lands 
uninterrupted by valleys, where the rock remams 
always visible, we travel during eight or ten 
leagues in a direction which cuts that of the beds 
at right angles, and find those beds (of transition 
clay-slate) parallel to each other, and almost 
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equally inclined, from 5(f to 6(f to tite noith* 
west for instance, it is difficult to form an idea of s 
raising or lowering so uaiiwnit and of the dinmi- 
sions of the mountain or the hdlow, which must 
be admitted to explain this indinatioii of the 
strata by a violent and simultaneous impukion. 
In reasoning on the origin of inclined bedSi we 
must distinguish two very different circumstances | 
their position in the proximity of a high chain of 
mountains, which is crossed by longitudinal or 
cross valleys, and their poeitkm at a distance firom 
any chain of mountains, amidst plains or table4anda 
little elevated* In the first case, the effects of 
heaving up appear oflen incontestable, and the 
beds dip generally towards the chain ; that is, on 
the northern declivity of the Alps towards the 
south, and on the southern declivity, but much less 
regularly, towards the north ; (Buch, m Schr. Nat. 
Focunde., 1809, p. 105. 109. 179. 181. ; Bemou* 
illi, Schweiz. Miner., p. 25.) but at great distances 
from the chain, it appears to influence only the 
direction, but not the dip of the beds. 

Since the year 1792 I have been attentive to 
this parallelism, or rather to this loxodromism of 
beds. Residing on mountains of stratified rocks> 
where this phenomenon is constant, examining the 
direction and dip of primitive and transition beds, 
from the coast of Genoa across the chain of the 
Bochetta, the plains of Lombardy, the Alps of St. 
Gothard, the table-land of Swabia, the mountains 
of Baireuth, and the plains of Northern Germany, 
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I have been struck, if not with the constancy, at 
least with the extreme frequency of the directions 
nor. 3-4ths of the compass of Freiberg (from south- 
west to north-east). This enquiry, which I thought 
would lead naturalists to the discovery of a great 
law of nature, at that time interested me so much, 
that it became one of the principal reasons for 
my voyage to the equator. When I arrived on 
the coast of Venezuela, and passed over the lofty 
littoral chain and the mountains of granite-gneiss 
that stretch from the Lower Oroonoko to the 
basin of the Rio Negro and the Amazon, I re- 
cognised again the most surprising paraUelism in 
the direction of beds ; that direction was stUl nor^ 
S-4ths (or N. 4f5^ E.), perhaps, because the littoral 
chain of Venezuela is not far from the angle which 
the central chain of Europe forms with the meridian* 
I announced the first results of observations which 
I made on the primitive and transition rocks of 
South America, in a Memoir published by M. 
Lam6therie, in his Journal des Physique^ tom. liv. 
p. 46. I had mixed (as is often the case with 
travellers, who publish the results of their laboiurs 
during the course of their journeys,) some very 
precise observations on the great uniformity in 
the direction of beds, (at the Isthmus of Araya, 
the Silla of Caracas, at Cambury near Portoca^ 
bello, on the banks of the Cassiquiare : see my 
Reka. Hist., tom. L p. 393. 542. 564. 578., tom. ii* 
p. 81. 99. 1S55. 141.) with some general views 
which I have since regarded as vague and less 
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accurate. Four yeai^ Ot thiv^ii^iil tiV^ Gdr^ - 
leras rectified my ideis on a phenomenon finr 
more important than was hUkerto bdiered ; and at " 
my return to Europe^ I hastened to piAlish file 
general result *Df my obsarvaticms inibeCfeogneq^ie 
des PlanteSj p. 116. ; and in the JSsmei PoSiique mr 
la Nouvelle Espagne^ torn. iL p. 590. Those re^ 
suits remained, no doubt, unknown to the learned 
author of the Critkal Examnathn qf Qet^agy^ 
p. S76., where he cxunbated the assertions {Nib^ 
lished during my absence in 17999 by M; de 
Lam6therie. 

There does not exist in either hemisphere, a ge* 
neral and absolute uniformity of direction in the 
rocks ; but in regions of considerable extent, some- 
times on several thousand square leagues, we per- 
ceive that the direction, more rarely the dip, have 
been determined by a system of particular forces. 
There is observed at very great distances, a partd- 
lelism qfbeds, a direction of which the type is mani- 
fested amidst partial disturbances, and which often 
remains the same in the primitive and transition 
formations. This identity of direction is observed, 
more frequently, at a distance from the very lofty 
alpine chains, than in the chains themselves, where 
the strata are often contorted and broken. Very 
generally (and this fact had already been remarked 
by M. Palassou, Essai surla Mitudes Pyrenees^VJ^ly 
and by M. de Saussure, Voyages dans les Alpes, 
2502,) the direction of beds very distant from the 
principal chains of mountains, follow the direc* 
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tion of those chains. This uniibrmity in the 
parallelism of beds (from nortJi-cast to south-west) 
was observed in a great part of North Germany, at 
the Fichtelgebirge in Franconia, and on the banks 
of the Rhine ; in Belgium, Ardennes, and the 
Vo^es ; in the Cotentin, and the Tarant^se ; in 
the greater part of the Alps of Switzerland, and in 
Scotland. I shall cite only the modern geognosts, 
who are much practised in this kind of observations, 
and so much the more attentive to the direction and 
inclination of the strata, as the assertions I had 
made on a paraUeUsm or hxodromism at great dis- 
tances, had excited warm discussions. " When we 
examine, (says M. Bou^,) with a compass, the 
position of mineral masses, in Scotland, and endea- 
vour to stop at general fects, we " perceive that 
the direction of the beds is constant, and corresponds 
with that of the chains from south-west to north- 
east; but that the dip varies according to locid 
circumstances." (JiVMrner, Geogn. Versuche, p. 41. 
44. 48. ; id., Fragmentey p. 5S. 64. ; Goldfuss and 
Bischof, Ficktelg., torn. i. p. 184. j Omalius d'Hal- 
loy, in the Journal des Mines, 1808, p. 455. j Bro- 
chant, Observ. GeoL sur les Terrains de Transition, 
p. 14.} Escher, in Alpina, tom. iv. p. 33?.; Gniner, 
in Isis, 1805, 8vo. p. 181. ; BemouiUi, Sckweiz. 
Min. p. 19 — ^24. J Ebel, Alpen, tom. i. p. 230., 
tom.ii. p. 201. 215.357.} Bou6, GM. d'Ecosse, 
p. 15.) The general direction of the strata in the 
Pyrenees is, according to the excellent observations 
of MM. Falasou, Ramond, Chaq>entier, and 
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d'Aubuisson, the same as that of the chaiiif 
N. 68^', or from east-noitb-eaat to weat-northp 
west (Ramond, Pyrin, tom. L p. 57«f tom« li. 
p« 354. ; d' Aid>uissoiit Giohgie, tpm. L p, S4S.) 
The same regularity prevails in Ae Caucasus. The 
primitiye and intermediate rocks in the United 
States of North America are directed^ accordii^ 
to M. Maclure, like the chain of Ihe AU^hanye^ 
from north-east to south-west The directions 
from north to souths w nortb-north-east to south- 
south-west, are the most frequent in Sweden andfliw 
land. (Haussmann, in the M^m)ires de PAcadhfiie 
deMunkj 1808^ p.L p. 147«; B^idti^Lappland^ tonuL 
p. 277. 290. } Hisinger, Mm. Geogr. von Sckwe^ 
den, p. 465.} Engelhardt, FelsgeUlde RusslandSj 
p. 18.) A general type of direction is dt>- 
served in the Cordilleras of Mexico; the beds 
that form the table-land stretch from southpcast to 
north-west^ parallel to the direction of the chain 
of Anahuac, while the volcanic axis (the line that 
passes between the 18'' 59' and 19"^ l^' of latitude^ 
by the Peak of Orizaba, the two volcanoes of 
Puebla, the Nevado of Toluca, the Peak of Tandr 
Jtara, and the volcano of Culima, a line which is 
iU; the same time the paraUel qf the greatest elev^ 
dUions) stretches from east to west, like a fissure 
which crosses the Mexican isthmus from one sea 
to the other. (^Essai Politique, tom. iL p. 253.) 

As we are ignorant of the primary causes of 
phenomena, natural philosophy, of which geognosy 
will one day form one of the most interestiiig parts, 
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ought to stop at the knowledge of laws.; and in 
the phenomena with which we are occupied, 
those laws may be subjected to precise measures. 
It must not be forgotten that the lines of the 
directioa of beds (Streiehaugslinica) meet the me- 
ridians, when at great distances those beds are^ 
for instance, unifOTmly directed N. 45" E., like 
the elements of a loxodromic line, without being 
parallel in space. The direction of ancient (pri- 
mitive and transition) beds is not a trifling pheno- 
menon of locally, but, on the contrary, a pheno- 
menon independent of the direction of secondaiy 
cluuDs, their branchings, and the sinuosity of their 
valleys; a phenomenon of which the cause has 
acted, at immense distances, in a uniform manner, 
for instance, in the ancient continent, between the 
43° and 57° of latitude from Scotland as far as 
the confines of Asia. What is that apparent in- 
fluence of the high alpine chains on beds which 
are sometimes more than a hundred leagues dis- 
tant ? I can scarcely believe that the same cata- 
strophe heaved up the mountains, and bent the 
strata in the plains, bo that the bent edge of those 
strata, formerly horizontal, now all incline &om 
50° to 60^, and iOTming the auriace of the glob^ 
should be found at great depths. Have the chains 
of the alpine mountains been heaved up ? Did 
they issue (smilar to that line of volcanic sum- 
mits in the plains of Gorullo) fimn Assures fonned 
parallel to the direcUcm of pre-existing inclined 
beds? 
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In composing this ge(^09tical work on the ra^ 
perposition of formations, it was proper to abstain 
from referring at each observation to the source 
from whence it was drawn. Positive geognosy is a 
science which dates only tmm the end of die last 
centuiy, and it is not easy* I might add» it is not 
without danger, that we attempt the history of so 
modem a science. 

Although in the course of a laborioua lif^ I 
have had the pleasure of seeing a greater extent 
of mountains than any other geognost, the little 
I observed is lost in the great mass of &cts which 
I have undertaken to display. What is most import- 
ant in this treatise on formations, is derived from the 
combined efforts of my contemporaries. I wished 
to present to my readers, in a concise manner, the 
whole of the discoveries that have been made ; and . 
I thought I might add what is only probable, to 
what appears to me completely verified. If I have 
attained the end proposed, the distinguished men, 
who, in Germany, France, England, Sweden, and 
Italy, have contributed to enlarge the edifice of 
geognostic science, will recognise in eveiy page the 
results of their own labours. I have thrown into the 
notes at the end of this essay, citations of fects less 
generally known, and have only named in the work 
such of the gec^osts as have communicated to 
me observations and views not yet published. The 
most numerous and interesting communications of 
this kind are those which I owe, during fifteen 
years, to M. Leopold de ^ch, with whom I 
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had the advantage of making my Hrst minera* 
logical studies, under a great master, and who on 
a vast extent of territory (between 28° and 7^° 
of latitude) has collected valuable materials for 
geognosy, the history of the atmosphere, and the 
ge<^Taphy of plants. Id the course of my ItUxHits 
I have made use of many unpublished notes which 
this naturalist had the kindness to give me on 
the crystalline structure of the trachytes which I 
brought from the Cordilleras, and on the order of 
formations in Switzerland, England, Scotland, 
Tuscany, and the vicinity of Rome. I have also 
had the advantage of consulting him during his 
visits to Paris, on what appeared to me to be 
doubtfiil in the positiMi of formations. All the ob- 
servations relative to Hungary are taken fcom the 
Foj/age Mmeralogique of M. Beudant, which will 
soon be published j and in which tlie subject <^ 
position is, for the most part, treated in a su- 
perior manner. My countryman, M. Charpentier, 
director of the salt-works in Switzerland, kindly 
communicated to me his excellent description of 
the Pyrenees, the most complete work which we 
possess on a great chun of mountains. Much of 
the information on the porphyries of Europe is taken 
from a sketch that I wrote in some degree under the 
inspection of M. Werner, when that celebrated man 
came, for several days, from Carlsbad to Vienna, (in 
1811,) in order to converse with me on the geo- 
gnostic constitution of the Cordilleras of the Andee^ 
and of Mexico, To ^ve a public testimony i^' 
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gratitude to those whose memoiy is dear to ub b fl 
duty which it is grateful to fulfil. I have not reaped 
all ihe advantage which I wished from the impntant 
labours of MM. MacuUocb*' Jameson, Weavert 
Berger> and other members <^ the geological and 
Wemerian societies in England, because I feared 
to pronounce on the identity of the formatioiu of 
a country with which I was unacquainted, north 
of the mountains of Derbyshire, and which is at 
present explored with so much zeal and success. 

By indicating for each fonnadon the names of 
some of the places where they are found, (what the 
botan^ts term the habUeUtt) I have in no wise any 
pretension to extending the domain of mineralogical 
geography ; I only endeavoured to give examples 
of position already well observed. Those examples 
are not always chosen amidst countries which, from 
the descriptions of celebrated geognosts, are be- 
come in some sort classical. It was sometimes proper 
to name places in tJie other hemisphere, that are 
not found on any of our maps. Allemont, Dudley, 
C^ de Gates, Mansfield, and CEningue, are 
better known to mineralogists than the great metal- 
liferous provinces of Antioquia, Guamaliea, and 
Zacatecaa. To facilitate this kind of research, X 
have oflen added between two parentheses, some 
geographical notices ; for instance, Quindiu (New 
Grenada), Tiscan (Andes of Quito), Tomependa 
(plains of the Amazon). With the indication of 
die places where certain formations predominate 
I have endeavoured to state the whole order of bu- 
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perposition which has been observed with some de- 
gree of certainty on very distant points ; for in- 
stance, in the Cordilleraa of the Andes, in Nor- 
way, Germany, England, Holland, send at the 
Caucasus. Those descriptions of profiles or ver- 
tical sections which furnish the materials so long 
desired for the construction of a geognostic ailaSf 
constitute, it may be said, the evidence that esta- 
blishes a general tabular arrangement of rocks ; 
for geognosy, when occupied with the series of 
formations^ is to minerak^cal geography, what 
comparative hydrography is to the topography 
c£ great rivers separately traced. It is from the 
intimate knowledge of the influence exerted by ine- 
qualities ofthe surface, the meltingof snow, periodicid 
rains and tides, on the swiftness, the sinuosities, 
the c<Hitractions, the bifurcations and the form of the 
mouths of the Danube, of the Nile, of the Ganges, 
and of the Amazon, that we form a general theory oi 
rivers, <x ratiier a ^stem qf empirical lawSy that iii- 
cludes all that is common and analogous, in local 
and partial phenomena. (See some elements of 
this comparative hydrc^raphy, in my Relat. Histor. 
tom. ii. p. 517—526.. and 657—664..) The 
geognosy qfjbnaatimts also ofiers empirical laws, 
which have been abstracted from a great number 
of particular cases: founded on mineralogic geo- 
graphy, it differs &om it essentially, and this 
difference between abstraction and individual ob- 
servation may, among geognosts who have only 
settt one countiy, become the cause of an erro> 



neoiis judgment on the accuracy of a genferfll taMe 
of formations. 

Hie physical sciences depend in a great meanire 
on inductions, and the more complete those inchic- 
tions become, the more it is necessary to exdude 
the local circunutances that aaxnnpany evefj phe- 
nomenon in announcing general laws. Tlie hirtory 
of geognosyjustiiiesthisasaertitHi. Werner, in creat- 
ing geognostic science, has perceived with an ad- 
mirable sagacity all the relations under which we 
should view the independence of the primitive, 
transition, and secondary formations. He has shown 
what we ought to cAxaerve, —what it is impcvtant 
to know ; he has prepared, and foreseen in some 
degree, a part of the discoveries with which, through 
him, geognosy has been enriched in countries 
which he could not visit. As formations do not 
follow the variations of latitude and climate, and 
phenomena, observed perhaps for the first time 
in the Himalaya, or the Andes, are found again, 
and often with an association of circumstances that 
aeem to be entirely accidental, in Germany, Scot- 
land, or the Pyrenees, a very small portion of the 
globe, a territory of some square leagues in which 
nature has assembled many formations, may, (like 
a true microcosm of the andent philosophers), give 
rise, in the, mind of an excellent observer.to very 
accurate ideas on the fiindamental truths of geognosy . 
In feet, the iirst views of Werner, even those which 
that illustrious man had formed before the year 
1790,posse3sedajustnessthati»stillremarkabIe.The 
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learned of every country, even those who show no 
predilection for the school of Freiberg, have pre- 
served them as the basis of geognostic classifica- 
tions ; and yet what was known, however, in 1790, 
of priihitive, transition, and secondary formations, 
was founded almost entirely on Thuringia, on the 
metalliferous mountains of Saxony, and those of the 
Harz, on an extent of country not 75 leagues in 
length. The memorable labours of Dolomieu, 
and Saussure's descriptions of the Alps, were con- 
sulted, but these could not have influenced in a great 
degree the labours of Werner. Saussure has, no 
doubt, given inimitable models of accuracy in the 
topography of every summit, and every valley ; but 
that intrepid traveller, struck with the complicated 
nature of the phenomena of superposition, and the 
apparent disorder which prevails every where in the 
interior of the high alpine chains, was not much 
induced to occupy himself with general ideas on the 
geognostic structure of an entire region. In the 
first period of the science, the type offormations was 
founded on a small number of observations, and 
resembled too much the description of the places 
where it originated. The mineral masses which 
in other countries are but subordinate or acci- 
dental beds, were mistaken for independent form- 
ations; the existence of those formations that are im- 
portant in equatorial America, and in the north 
and west of Europe, was unknown ; the relative 
antiquity of porphyries, syenites, and euphotides, 
was misunderstood ; the history of the more recent 
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beds was not completed by a rigoroui determi- 
nation of the organised jfoiail bodies whidi they 
contain ; the position of basalts* phondlites (por- . 
phyr-schiefer), and doleritest which had been long 
confounded with trap-greenstone» was studied 
with great precision, but even the possibility of 
their igneous origin was denied } becausei in the 
country where modem geognosy had its birtht the 
observer was surrounded only by some remains of 
volcanic formations/ and oould not examine the 
relations that exist between the trachytes (tn^ 
porphyr), the basalts* the more modern lavas* 
scorisB, and pumice. If Werner's list of form- 
ations, notwithstanding the books which he con- 
sulted, and the surprising sagacity witli which he 
discerned the truth* in the frequently confused nar- 
ratives of travellers, still remained incomplete, he 
felt no regret in seeing his laboiurs improved by 
other hands. He was the first who taught the art of 
observing and distinguishing the formations ; and 
it is by the further application of that art that geo- 
gnosy has become a positive science. Conscious 
that his real glory was rather founded on the dis- 
covery of tlie principles of the science, and on the 
means of research, rather than on the results ob- 
tained at a particular epoch. Werner showed no less 
regard for such of his pupils as differed from him 
on the subject of the relative age, and the origin 
of some of the formations. It is only in extending 
our observation to a greater part of the globe, 
that the type of formations can be enlarged and 
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simplified. It has thus been made to correspond 
better with the geognostic constitution of conti- 
nents considered in a general point of view. 

We now know, with considerable accuracy, the 
relative position of many formations. 1". In the 
ancUnt continent : in Great Britain, in the north 
of France, Belgium, Norway, Sweden, and Fin- 
land; in Germany, Hungary, Switzerland ; in the 
Pyrenees, Lombardy, Tuscany, and the vicinity 
of Rome; in the Crimea and Caucasus ; (lat 42' 
— 71° nor. ; long. tO" or. — 12° oc.). 2". In the 
new continent : in the United States of America, 
between Vir^nia and the Lake Ontario, (lat. 3Q° 
— 43° nor.; long. oc. 78° — 86"); at Mexico, be- 
tween Veracruz, Acapulco, and Guanaxuato, (lat. 
16=50'— 21" 1' nor.; long. oc. 98° 29'— 103" 22'); 
in the island of Cuba (lat 23° 9' nor.) ; in the 
United Provinces of Venezuela, between the coast 
of Paria, Portocabello, the Upper Oroonoko, 
and San Carlos del Rio Negro ; in the Andes of 
New Grenada, Popayan, Pasto, Quito, and Peru ; 
in the valley of the river of the Amazons, and on 
the coast of the South Sea, (lat. 10" 27' nor. —12° 2' 
austr.; long. oc. 66" 15' — 82° 16'); at Brazil, be- 
tween Rio Janeiro and the western limit of the 
province Minas Geraes (tat. 18" 23' austr.; long. 
oc. 45° — 49°)- In proportion as we ascend to more 
general ideas, the table of formations, in becoming 
more extensive, and (we venture to believe) more 
exact, is less satisfactory to those who expect to 
find in it a stronger expression of the individual fea- 
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tures, and the locd physiognomy of their canton. 
But those individual features^ that local physi- 
ognomy, cannot be preserved there but as simple 
variations of a general type ; as particular modi- 
fications of the great laws of geognostic position. 
However incomplete may yet be the knowledge 
of those laws, a great step is already made in these 
researches by having acquired, from the united 
labours of our contemporaries^ the certainty that. 
constant and immutable laws do exist amidst the 
conflict of local perturbations. 
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PRIMITIVE FORMATIONS. 



The most ancient formations of primitive rocks 
that have come under our observation, are, in some 
regions of the globe, granite (a formation in which 
granite alternates with no other rock); and in other 
regions, gneiss-granite (a granitic formation, in 
which beds of granite alternate with beds of gneiss). 
It would be difficult to mention a granite that geo- 
gnosts unanimously consider as anterior to every other 
rock ; but this uncertainty belongs to the nature of 
the subject, and to the idea that we form of the rela- 
tive age and the superposition of rocks. We may as- 
sure ourselves by observation, tiiattiie granite of St. 
Gothard reposes on mica-slate» and that that of Kiel- 
wig in Norway rests on clay-slate. But how can we 
demonstrate a negative feet? How can we prove 
that beneath a granite, which is said to be of the 
first formation, gneiss, or some other primitive 
rock, may not be again found ? In tracing a sketch 
of the knowledge we have acquired of the super- 
position of rocks, we ought to abstain from pro- 
nouncing with confidence on the first stage of the 
geognostic edifice. Thus (for it is with time as 
with space), through tiie long continued migra- 
tions of tribes, the historian is unable to ascertain 
with certainty, who were the first inhabitants of a 
country* 
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J. PlinilTlVL GRANITE. 

§ 1, Granite that does not alternate with gneiss, 
^lany doubts not 1)1 founded having lately been 
Jaised with respect to the antiquity of many fonn- 
Itions of granite, this first of primitive rocks can 
Inly be designated by negative characters. It ap- 
lears to me, that in botli hemispheres, particularly 
In the new world, granite is most ancient, when 
: is not stratified, is riclier in quartz, and less 
Lbundant in mica. In lofly chains of moiin- 
pins (in the Alps of Switzerland and the Cor- 
Jlilleras of the Andes, between Loxa and Zaulaca,) 
rranite, by the abundance and uniform direction 
If tlie scales of mica, has a tendency to become 
Bamcllar ; wliilo the granites that pierce through 
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feldspar, appeared to me the most ancient. The 
absence, I do not say of tourmaline and of rutile, 
but of disseminated hornblende, steatite, garnets, 
epidote, actinolite, tin, and specular iron, replacing 
mica (Gottesgabe in the Upper PalaUnate); the 
wantof subordinate heterogeneous beds (greenstone, 
granular limestone) and nodules with very small 
grains and highly micaceous, which are of con- 
temporaneous formation, and sesm imbedded in the 
principal mass ; finally, the want (^ stratification in 
the lower beds, and a more porphyroid structure, 
appear to characterise the granites of the first 
formation, (western coast of equinoxial America, 
Cascas, Santa, and Guarmay in Lower Peru ; the 
banks of Cumbeima, Ibagn^, Quilichao, and Caloto 
in the Andes of New Grenada). The granites of 
the cataracts of the Oroonoko, and the mountains of 
Parima, contain, like those of the Pyrenees and 
Upper Egypt, some beds in which insulated crystals 
of hornblende are found ; these rocks probably 
belong to a more recent epoch than the granite of 
Lower Peru. Although the most ancient granites, 
in general, have no subordinate beds of primi- 
tive limestone, calcareous matter begins to appear 
in the primitive mountains (I dare not say at the 
first period of the world) in feldspar, and perhaps, 
in the tourmalines. This quantity of lime after- 
wards augments by the addition of hornblende in 
the syenitic beds which characterise the most 
modern granites. 
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PRIMITIVE GRANITE AND GNEISS, 
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.§ 2. In this formation, so well characterised by 
M. Raumer, very distinct beds of granite and gneiss 
occur nearly contemporary, and alternating with 
one another. It sometimes reposes (Reisengebirge) 
immediately on the preceding formation, at otiier 
times (south-east of Riobamba, in the kingdom of 
Quito,)itis the mostancient of the visiblerocks. This 
periodica! return of heterogeneous beds, is found 
particularly in transition formations ; for instance, 
in those of porpliyry and syenite, and syenite and 
greenst<me. We sliould distinguish from the foiTn- 
ation of granite and gneias, tlie grauitea oi' tlie 
shore of Venezuela, the beds of which pass often 
and insensibly to gneiss, and gneiss which passes 
to granite (southern declivity of the Jungfrau and 
the Titlis). The beds subordinate to granite and 
gneiss are mica-slate containing gruiular lime- 
stone, hornblende, chlorlte-slate, and whitestone 
(weistein). 

STANNIFEROUS OEANITE. 

§ 3. In this rock the constituent parts are gene- 
rally very much disintegrated, the feldspar passing 
to kaolin (Carlsbad, on the road from Eibenstock to 
Jphann-Georgenstadt ; and probably also, accord- 
ing to M. Bonnard, the granites of the depart- 
ment of Haute- Vlenne). It will, perhiq>s, be 
hereafter discovered that several of those stan- 
niferous rocks are of a date still more recent, and 



that they must be placed among granites posterior 
to gneiss, and anterior to mica-slate. It would ap- 
pear that new characters have been found in the gra- 
nites of the Fichtelgebirge, in Franconia, which are 
not only very regularly stratified, but also contain 
beds of greenstone (primitive diabase paterlestein). 
I am not acquainted with the alpine formation of 
stanniferous granite in the Andes ; the granite that 
constitutes the summits of the Cordilleras is al- 
most always covered by transition porphyry and 
trachyte. 

WHITESTONE (WEISTEIN, EURITE) WITH SER- 
PENTINE. 

§ 4. Whitestone (eurite), in wiiich compact feld- 
spar predominates, (north-east part of Erzgebirge,) 
rests on ancient granite. It is covered by gneiss, 
and sometimes by mica-slate (Hartha), or by 
a primitive slate into which (Hermsdorf, Dobeln) 
whitestone appears to pass insensibly. Subordi- 
nate beds : granite, sometimes witli very large 
gnuns (Penig) ; sometimes fine-grained passing 
to whitestone, and containing lepidolite and la- 
mellar parenthine ; serpentine (Waldhelm). White- 
stone, in which garnets and syenite are some- 
times imbedded, is, in Saxony, according to the 
observations of MM. Pusch, Raumer, and Mobs, 
an independent formation anterior to gneiss, and 
not- a subordinate bed; in Silesia, . (Fngelsberg, 
near Zobten Weiseritz, near Schweidnitz), it only 



torms beiLs in primitive granite and gneiss. There 
is nothing in this phenomenon that should astonish 
the geognost. Mica-alate, gneiss, and i>orphyrv. 
are found both as independent rocks and as sub- 
ordinate beds. The serpentine of Buenavista, in 
the mountains of Higuerote, west of the Cara- 
cas, belongs properly to talcose gneiss j but it 
appears, that in the same group of mountains 
there is also serpentine joined to a whitestone, 
which is superposed on the formation of granite and 
gneiss. The seqjentine of whitestone is the most 
ancient of the very small-grained euphotide rocks, 
which, it may be said, pass through all the follow- 
ing formations, as &r as the upper limit of the 
transition series. 



II. 



PRIMITIVE GNEISS. 



§5. Wedistinguishthisfonnationof gneis8(Frei- 
beig; Lyons table-land between Autun and the 
mountain of Aussi} Amsber^ in the Riesenge- 
birge ; Lodingen, in Norway ; the Grampians, in 
Scotland ;) which contains subordinate beds of 
mica-slate, tix>m a no lesa important fonnation of 
gneiss and micapslate, in which the beds of gnosi 
alternate with beds of mica-slate. Gneiss, ac- 
cording to MM. de Buch and Haussmann, is the 
prevdling rock in Scandinavia, where the an- 
cient granite (anterior to gneiss) is scarcely wiy 
where visible. The subordinate beds of gneiss ve 
much varied and numerous j they ate, however^ 
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much less 80 when ttie gneiss does not pass to 
mica-slate. We shall here enumerate only the most 
remarkable beds : quartz, often containing garnets ; 
feldspar more or less decomposed, and without 
potash ; porphyry, generally reddish, with a petro- 
siliceous base, containing feldspar, quartz, and mica, 
(lager-porphyr of Halsbrucke, Ober-Frauendorf, 
and Liebstadt); granular limestone but rarely, 
(road of the Simplon, mine of Kurprinz, near 
Freiberg) ; common garnet, mixed with granular 
limestone, blende, and oxidulated iron, (Schwar- 
zenberg) ; mica-slate, (Bergen, in Norway) ; sye- 
nite, (Burkersdorf, in SUesia) ; granite, with de- 
composed feldspar, but not stanniferous; serpen- 
tine (ophiohte), forming, according to M. Cordier, 
a bed of immense extent, in the departments of 
Haute- Vienne, Lot, and Aveyron ; slaty amphi- 
bolite or homblende-slate ; greenstone mixed with 
magnetic iron, (Tabei^, near Jonkfiping) j mcon, 
zotsite, and menachanite, (Priockterhalt, in Carin- 
thia) ; magnetic iron, in beds irom twenty to thirty 
toises thick, often mixed with granular limestone, 
ichthyophthalmite, spodumene, tremolite, amian> 
thus, acttnolite, and bitumen, (Danemora, Gellivara, 
and Kinsivara, Sweden and Lapland) ; pegmatite, 
(Loch-Laggan, in Scotland); gneiss, containing 
angular masses of gneiss of a different texture 
ftx)m that of the' principal rock, (Rostenberg, in 
Norway). This latter phenomenon (the effect of 
a contempOTwy crystallisation 7) is much more ana- 
logous to the granite c^Greifienstein, in Saxony, and 
of the Pic Quairat, in the Pyrenees, than to the 



transition gneiss, coDtaining the pudding-stones of' 
Valorsine. The great formation of primitive gneiss, 
rich in the ores of silver and gold, in Germany, some 
parts of France, Greece* and Aua Minor, has been 
long considered as the most argentiferous rock of 
the globe. We now know, from researdies made 
in both Americas, and in Hungary, that the great 
mass of precious metals which circulate in the 
two continents has been procured from formations 
much later than gneiss, and every other primitive 
formation, that they come from transition rocks, 
syeuitic porphyries, and even trachytes. Gneiss, 
little metalliferous in the equinoxial part of the 
new world, occurs on a greater extent of country 
in the mountains that run from east to west, 
(chain of the shore of Caracas, cape Codera, and 
the isles of the lake of Tacarigua ; Oroonoko, 
Sierra of Parime;) and in the low regions distant 
from the chain of the Andes (east of the moun- 
tains of Brazil), than in the elevated crest of the 
chain itself. I saw no gneiss (at the Silla of Caracas, 
and at the passage of the Andes of Quindiu) higher 
than from 1300 to 1400 toises above the level of 
the ocean. On the crest of the Cordilleras, between 
Ibague and Carthago (New Grenada or Cundin- 
amanca) as well as at the Faruno of Chulucanas, 
in descending towards the Amazon, a granite of 
new formation covers the gneiss at 1800 toises high. 
If gneiss, mica-slate, and a granite of second form- 
ation, constitute the most lofly summits in the 
mountains of Europe ; the most elevated sununits 
of the Andes, on the contrary, exhibit only im- 



niense accumulations of trachytic rocks. In fol- 
lowing tlie same chain, the same line of mountains, 
we find the low regions of granite-gneiss, and gneiss- 
mica-slate (province of Oaxaca in New Spain, 
where gneiss is auriferous ; primitive groups of 
Quindiu, Almaguer, Guamote, at the south of the 
Chimborazo ; Sargura and Loxa, in the Andes 
of Peru ;) alternating with the elevated regions of 
trachyte3(1000 to 3300 toises). These latterform- 
ations, produced or modified by fire, undoubtedly 
cover granite and gneiss, and that sometimes imme- 
diately without the porphyritic formations of transi- 
tion being interposed. However, where I could see 
the trachytes of the kingdom of Quito (volcano of 
Tunguragua, ravine of Rio Puela, near Penipe,) 
reposing on a greenish micaceous slate filled with 
garnets, and covering in their turn a granite, 
rather syenitic, with quartz and mica (black ?), this 
superposition takes place only at the inconsiderable 
height of 1240 toises. It results in general from 
my barometric levelling of the Cordilleras, that 
in all that region of the tropics, ancient granite 
and gneiss (which must not be confounded with 
syenitic and granitic transition rocks) scarcely rise 
above the height of the summit of the Pyrenees. 
All the superposed masses of primitive rocks, which 
pass the limit of perpetual snow (SSOO — 3460 
toises), and which give the Cordilleras their cha- 
racter of grandeur and majesty, are not owing in 
general, either to primitive formations, or calca- 
reous rocks, (it is only the alpine limestone of. 
the table-lands of -Gualgayoc and Guancavelica, 
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which occurs at 2100 and 2500 toiaes,) but to tra- 
chyte-porphyries, doleritea, and phonoUtes. (We 
do not yet know of what rocks the summits of the 
Himalaya, those peaks which have been recently 
measured by Mr. Webb, are composed.) The gneiss 
of the Cordilleras abounds much more than the mica- 
slate in subordinate beds of granularlimestone(mica- 
ceous and filled with pyrites). In equinoxial Ame- 
rica, therefore, as at the most northern extremity of 
Europe, and in the Pyrenees, garnet is most fre- 
quent in gneiss, and this latter rock only ceases in 
general to contain garnets where it passes to mica- 
slate (mountain of Avda, near Caracas). A true 
gneiss, without garnets, occurs, however, at the west 
of Mariquita, between Rio Quamo and the mines 
of Sana (New Grenada). In Brazil, according to 
the observations of M. d'Eschwege, tin (zinnstein) 
is disseminated, not in granite, hut in gneiss (banks 
of Rio Paraopeba, near the Villa^Ricca). 

Between the two great formations of primitive 
gneis and mica-slate, we shall place several pa- 
rallel formations :^ 

GNEISS AND MICA-SLATE J PRIMITIVE SYENITE ? 

GRANITE POSTERIOR TO PRIMITIVE SERPENTINE ? 

GNEISS, AND ANTERIOR GRANULAR LIMESTONE. 

TO MICA-SLATE. 

Two of those formations are perhaps no less 
doubtful than primitive porphyry, considered as 
an independent formation. 
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ONBtSS AND MICA-SLATE. 

§ 6. Beds of gDeiss alternate with beds of mica- 
slate, in the same manner as gneiss, in the form- 
ation (S 2.), alternates with granite. They are not 
rocks that pass into each other, but alternating 
beds very distinct, (Neisbach and Janersberg in 
Silesia; Weltersdorf near Schisberberg, in Saxony). 
In the Cordilleras of America, and perhaps for the 
most part in the great chains of mountains of the 
ancient continent, (as the illustrious Dolomieu made 
me observe in Switzerland, in the year 1795,) the 
mirf</formations and periodical alternations of gneiss 
and granite, and of gneiss and mtca-slate, are much 
more frequent than the simple formations of granite, 
gneiss, and mica-slate. The independent form- 
ation of gneiss-mica-slate reposes, sometimes, on the 
formation of gneiss (§ 5.), sometimes immediately 
on the most ancient granite ($ 1.)- ^'^ ^^^ latter 
case, it should be considered as a parallel formation 
to gneiss. 

Subordinate beds : granular limestone, horn- 
blende-slate, greenstone, serpentine, and clay-slate 
with actinolite. These subordinate beds are several 
times repeated ; for in all the formations of peri- 
odical alternation, either primitive or transition, 
(granite and gneiss, gneiss and mica-slate, syenite 
and greenstone, porphyry and syenite, porphyry 
and grauwacke, black limestone and transition 
schist,) the periodical return of masses, extends 
even to the subordinate beds. This great geo- 
lo^cal law manifests itself in the whole Cordilleras 
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of the Andes, particularly, in the mountfuns situated 
at the south and south-east of the volcano of Tun- 
guragua, at Condorasto, and at Paramo del Ha- 
tilla, where (wliat is very rare in that region) 
gneiss-mica-slate rises to more than SOOO toisea, 
aud contains veins of silver formerly celebrated 
(weisgiiltigerz, and sprodgluserz, white silver, and 
brittle silver ore). These metalliferous gneiss- 
mica-slates of Condorasto and Pomallacta, are 
hid towards the south beneath the formations 
of a trachytic porphyry of the Andes of Assuay ; 
they re-appear (at I7OO toises high) between the 
ruins of tlie palace of the Inca (Ingapilca) and 
the farm of Turche, and are again concealed 
beneatl) the sandstone of Cuenca. The forests of 
Quinquina, west of Loxa, cover also those moun- 
tains of gneiss, alternating with mica-slate. In tlie 
passage o£ the Andes of Quindiu, between the 
basins of the Rio Cauca and Rio Magdalena, 
the formation of gneiss-mica-slatc reposes (above 
the station of the Palmilla,) immediately on an- 
cient granite. It attains an enormous thickness, 
in rising towards the Pararao of San-Juan. The 
beds of mica-slate alternating with gneiss are 
here always destitute of garnets ; they are tra- 
versed at tlie Valle del Moral (at 1065 toises 
high) by veins filled with sulphur, exhaling sul- 
phureous vapours, the temperature of which rises 
to 48° cent, tlie atmospheric air being at 20°. 
This phenomenon is the more remarkable as at 
the south of the equator, in the celebrated mowt' 
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tain of sulphur of Tiscan, I found sul)»liur in 
quartz, as a subordinate bed in primitive mica- 
slate. Tbe gneiss of Quindiu contains dissemi- 
nated garnets and beds of decomposed kaolin. 
In the littoral chain of the Caracas, between 
Turiamo and Villa de Cura, the granite-gneiss and 
gneiss-mica-slate formations occupy, in a direction 
perpendicular to the axis of the chain, a space of 
ten leagues broad; the gneiss-mica-slate is con- 
cealed, towards the Llanos of Venezuela, beneath 
green schists of transition. Near Guayra, at Cape 
Blanc, this formation contains subordinate beds of 
chlorite-slate (with garnets and magnetic sand), and 
hornblende-slate and greenstone, mixed with quartz 
and pyrites. On the coast of Brazil, where several 
primitive chains run parallel witli the Andes of 
Peru and Chili, in the direction of a meridian, 
beds of granite, gneiss, and mica-slate, constitute 
a single formation, and alternate in a periodical 
series, (Ilha Grande at the south of Rio^Janeiro, 
near Villa d'Angro dos Reis, according- to M. 
Eschwege). The three rocks are there contem- 
porary, like the syenites, which alternate periodi- 
cally, either with clay-slate, or transition green- 
stone. 

GRA^fITE POSTERlOa TO GNEISS, AND ANTERIOR TO 
MICA-SLATE. 

I here unite several formations of granite nearly 
parallel, placed between gneiss and mica-slate, such 
as stanniferous granite (hyalomicte graisen) of 
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Zinnwald and Altenberg in SAkony, which ap- 
pears to repose on gneifli, and aboudds in Uack 
toirnnalines ; the greater part of the pegmatites or 
graphic-gnuiites (achriftgnuiite), which contains 
lepidolite, (Aowna, in Moravia) ; granites with 
epidote ; granites with subordinate beds of white- 
stone, or eurite, (Reichenstein, in Sileria)} granites 
with steatite and chlorite, often containing dissemi- 
nated hornblende, and assuming the aspect of a 
syenite, or a chlorite-slate (protogine of MontBlanc, 
and of almost the whole chain of the Alps, between 
Mont Cenis and St Gothard ; probably also the rock 
of Rehberg in the Harz); the granites of the Pyre- 
nees, so well studied by M. Charpentier, and con- 
taining numerous beds of gneiss, mica-slate, and 
granular limestone. The granites of Altenberg, 
perhaps, belong (such is the opinion of M. Beudant) 
to the lower beds of transition porphyry ; perhaps 
the granites of the Pyrenees, which enclose masses 
of greenstone (primitive diabase), are even poste- 
rior to the great formation of mica-slate ($ 11.), 
as also the stanniferous granites of the Fichtelberg, 
which contain greenstone, (Ochenkopf, Schnee- 
berg, in Franconia), and which we have indicated 
provisionally at § 3. I have the same doubt re- 
specting many granites tliat abound in argentife- 
rous veins ; particularly the granites with garnets, 
and the porphyroid granites (with very large crys- 
tals of red and white feldspar), which are often 
stratified with as much regularity as secondary 
limestone. [ would not have noticed the masses of 
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tin of Geyer and Schlackenwald, because . .the 
granites in which they are contained are only beds 
in gneiss and tnica'Slate ; they are not true rocks, 
and independent formations, like the granites of 
Carlsbad of the Fichtetgebirge. In equinoxial 
America we may, with some probability, connect 
with the formation of granite posterior to gneiss 
and anterior to mica-slate, the granites of the 
western declivity of the Cordilleras of Mexico, 
(table land of Papagallo and Moxonera,) which 
are of a porphyrold structure, or divided into 
balls, with concentric layers. They enclose sye- 
nitic beds, connected with veins of bassanite (com- 
pact urgriinstein). I have seen them regularly stra- 
tified in beds, seven or eight inches thick, and 
having, not the same inclination, but the same di- 
rection with the strata of transition porphyry and 
superposed alpine limestone. We do not know, in- . 
deed, the rocks that cover this Mexican formation 
of granite, on which, however, all the other rocks 
of Mexico are placed ; but the great characters of 
composition and structure which it exhibits, and 
its analogy with other stratified granites of the 
high Andes of Peru, lead me to believe that it 
is of a more recent date than tlie formation § 1. 
To the granite anterior to mica-slate, but posterior 
to gneiss, belong more certainly that of the Garita 
del Paramo, at the foot of the extinguished volcano 
of Tolimo (Andes of Quindiu); that of Silla de 
Caracas ; the granites, very regularly stratiHed 
(without passing to gneiss), of Los Trincheras, in 

H a 
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the littoral chain of Venezuela ; the granites of 
the extended group of the mountains of Farime, 
which are either regularly stratified, (strait of Ba- 
raguan, valley of the Lower Oroonoko), or pass 
to pegmatite, (Esmeralda and the confluence of 
the Untmu, Upper Oroonoko), or hornblende rocks 
(amphibolites), (cataracts of Atures). In this vast 
granitifcroiis group of Sierra Parioie, which sepa- 
rates the basin of the Oroonoko ^m <that of the 
Amazon, some phenomena are observed, which 
are also seen in Finland and Norway. No other 
mineral mass appears than the granite rock. In 
going round the Sierra Parime, at the north, the 
west, and the south, I observed, witli the exception 
of some small masses of sandstone, a total absence 
of secondary formations even of rocks posterior to 
a granite of newer formation. This granite, and 
the gneiss that supports it, form (where little 
plains separate the mountains from each other, 
amidst forests of vigorous vegetation) beds of bare 
rock, destitute of soil, of more than ^0,000 square 
toises ui extent, and scarcely rising three or four 
inches above the surrounding soil. I notice, 
as granites of new formation, in the southern 
hemisphere, the rock of Pareton, (eastern decli- 
vity of the Andes of Peru, between Guamcabamba 
and the River of the Amazons), where the stea- 
titic granite passes to protogine ; the granite of 
Paramo, of Pata Grande, and Nunaguava, stratified 
and destitute of hornblende ; the rock of Yanta, 
stratified like the granite of Ochsenkopf, in Pran- 



conia, concealed beneath the mica-b'iute. of Gual- 
taquUlo and Aipata, and containing disseminated 
crystals of liomblende, without passing.-tb true 
syenite, (Cordilleras of Gueringa, at the westof 
Guamcabamba). We see by these examples,' .tbtft 
in the Andes as well as in the Alps, particulawy*.- 
at a considerable height, a granite rock coveni-' 
primitive gtieiss. It may be asked, if the primi- 
tive greenstone, which forms beds in the for- 
mations § § 3, S, 6, 7. sometimes contains, as 
several geognosts assert, not only hornblende mixed 
with compact feldspar, but pyroxene also. M. de 
Charpentier saw this latter substance in large 
masses in the primitive limestone of the Pyrenees. 
There is also pyroxene-coccolite in the urgriin- 
stein of the Lake Cliamplain ; I saw true pyrox- 
enes, identical with tliose of the trachytes and some 
transition porphyries of Quito, only in tlie transi- 
tion greenstone and transition mandelstein of Pa- 
rapara (mountains of Venezuela). 

PRIMITIVE SYENITE ? 

§ 8. The greater part ol" the syenites of the an- 
cient and the new continent, considered formerly 
as independent rocks of primitive formation, are 
either granites with hornblende ; that is, beds sub- 
ordinate to granite, §§ 7. and 11., (Syene, now 
FhiUe, or even the first cataract of Opper Egypt, 
which are in gneiss; Atures, or the cataracts of 
Oionooko i valley of Macara and Gualtaquillo. and 
H 3 
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the easterp'. dbclivity ot' the Andes of Peru) j or 
transitiQn.;^rmationa (Mount Sinaj^ accordii^ to 
the ioi^te^ting obserratioDs of M. Roziere ; valley 
of'£^Iauen, near Dresden; Guuuuniato^ in Mesico^) 
innately connected with porphyriefl^ grenutoDCi, 
-.'jODd transition clay-slates. Some true syenites iq>pear 
'40 me, however, to have no tnice of this connectkni ; 
they perhaps omstitute independent primitive 
formations j such are the syenite (a great deal oi 
reddish lamellar feldspar, litde hornblende, scarcefy 
any quartz, no mica, no titaneous iron) of Cerro 
Munchique (central Cordillera of the Andes of 
Pc^yan, at the east of the &rm of Ciscabel, 
situated on gneiss, and partly (?) covered by 
primitive mica-slate) ; the syenite of Paramo de 
Yamoca (eastern declivity of the Andes of Peru, 
near the Indian villages of Colascy and Chontaly), 
placed on the granite of Zaulaca, and covered by 
the slate of the lake of Hacatacumbn. As that 
slate supports, in its turn, a green transition por- 
phyry, and that porphyry supports a blackish-grey 
shelly limestone, (San Felipe, province of Jaen 
de Bracamoros), it remains doubtful, whether the 
syenite of Yamoca and the slate of Hacatacumba be 
not also transition rocks ; and, consequently, newer 
than the syenites of Cerro Mundiique, in the 
Andes of Popayan. Are the syenites, composed of 
white feldspar and green hornblende, at the foot of 
Mont-Blanc, (Cormayeux,) and alsotiie syenites 
of Biela connected with euphotides, to be consi- 
dered as primitive formations? 
17 



PBIMITrVE SERPENTINE ? 

S 9> The great formations of eupliotide (gab- 
bro, or serpentine rocks) are posterior to primitive 
clay-slate, and belcHig partly to transition rocks. 
The small formaUon which we here designate is 
analogous to that of Zoeblitz, in Saxony i it reposes 
on gneiss, and is not covered by any other rock. 
The serpentine in South America, (without diallage 
metalloide, but with garnets,) of the mountains 
of Higuerote (near San Pedro, between the town 
of Caracas and the valleys of Aragua), appeus 
analogous to that of Saxony. It reposes on the 
talcose gneiss of Buenavista, that passes (which is 
rare in those countries) to a garnetiferous mica- 
^ate. As we see, however, no rock superposed 
(HI those serpentines, their age remains a little 
doubtful. What appears to me to prove the an- 
tiquity of the serpentines of Higuerote, is, tliat 
before appearing as a particular and independent 
ftHTfiation, they are seen as subordinate beds to 
mica-slate-gneiss, nearly in the same manner as the 
serpentines i^the valley of Aoste. 



PKIHITIVE LIM£STON£. 

% 10. Does there exist an ind^endent form- 
ation of granular limestone among primitive rocks ? 
Or, are all those granular limestones, which have 
hitherto been very generally admitted, only beds sub- 
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ordinate to gneiss, mica-slate, granites of new fbnn- 
atioD, and clay-slate. In £he Pjnrenees (Valley de 
Vicdessos,) M. Chaipentier considers the granulur 
limestone, sometimes blackish, mixed with graphite 
and containing great masses of pyroxene (Iheizolit^ 
au^tfels,) and beds of greeostone, as an eztendied 
and independent fonnation. This autiuxity has, 
no doubt, great weight At the south of the 
equator, on the table-land of Quito (at CeboUar, 
and on the banks of the Rio MachangazB, near 
Cuen^a ; Portete, in the Llano of Xarqui,) we find, 
on mica-slate (of Guasunta and Caiiar,) a coarse 
grained white limestone, resembling the finest Ca- 
rara marble, and ^ternating with Hmestone beds that 
are almost compact, striped, and so translucid, 
that they are used in chills and convents as 
window-glass. I long regarded this granular lime- 
stone of Cuen9a, void of petri&ction, as a primitive 
and independent formation ; but it is only co- 
vered by the red sandstone of Nahou ; and an 
analogous formation, (Tolonta nearChillo,) placed 
amidst transition trachytes and porphyries, renders 
the age of the fonnation of Cuen^a extremely 
doubtful. The beds of primitive limestone sub- 
ordinate to rocks of granite-gneiss, are far 
more rare in equinoxial America than in the 
Pyrenees and the Alps.- In examining with care 
the gneiss-granite of Parime, between the 2d and 
8th degrees of north latitude, I did not find one of 
those beds. 



III. PRIMITIVE MICA-SLATE. 

§ 11. Mica-slate (schiste mtcac^, glimmer- 
schiefer) reposes most frequently on gneiss, at 
other times immediately on granite, §l.)i 'with 
which it first begins to alternate (Schneeberg in 
Saxony, Minas Geraes in Brazil) before it appears 
as an independent formation. It is distinguished 
from gneiss, when the two rocks are strongly charac- 
terised (which is &r more rarely the case in the high 
chain of the Alps, and the Cordilleras of Peru, than 
in the plains) by the aggregation of the mica, which 
in mica-slate presents a continued surface. Of all 
the primitive formations this is the most developed 
in central Europe, and exhibits the greatest variety 
of subordinate beds. The beds become more hetero- 
geneous in proportion as this rock becomes more dis- 
tinct from granite. The mica-slates of the Pyrenees, 
which are considered as being decidedly primitive, 
oflen contain chiastolite; and that substance some- 
times extends as far as the interposed beds of clay- 
slate and granular limestone. Beds subordinate 
to mica^slate: chlorite-slate (chlorit-schiefer with 
garnets); a mixture of mica-slate and granular lime- 
stone, (Splugen, between Glaris and Chlavenna; 
pie du midi of Tarbes, in the. Pyrenees) ; clay- 
slate; granular limestone, and dolomite with tremo- 
lite (grammatite), epidote, talc, tourmaline, lepi- 
dolite, hornblende, corundum, and magnetic iron; 
granular limestone containing quartz, (Pyrenees)} 



106 

dolomite mixed with primitive gypsum, (panage 
of Spliigen in the Alps) ; alates and micaceoui 
quartz (gestelUtein) ; greenstone and greenstone* 
slate; granular and schiitose diabase, (Bfontina 
de Avila, Cabo Blanco near Caracas); UadEiib* 
green compact feldspar (dichter gifinateui); pot> 
stone, (topfstemt Ursern) ; talc-alate (talk-^dne&r) 
with garnets, syenite tminnaline, and actinolito ; 
pure serpentine, (Sillthal in the Tynd) ; serpentiae 
mixed wit hgranutu' limestone, verde antieo (moiiik 
tains of Caramania ; Reichenstein, Rfindor^ and 
Rothzeche in Silesia); hor^ilende-slate, (Saint 
Pierre, south of the Great St Bernard) } commmi 
hornblende in great masses, (Schdnberg in the 
Tyrol); syenite, (Mittlewald in the Tyrol); beds 
of garnets with oxidulated iron, (Braunsberg near 
Freiberg, Frauenberg near Ehrenfiiedrichsdor^ 
in Saxony) ; garnet with omphadte-pyroxene, and 
hornblende, (Gefrees and Schwarzenbach, coun- 
try of Bareuth, Sanalpe in Carinthia) ; actinc^te, 
garnets, and syenite; fluate of lime,(Me8sa'adorf); 
beds of mica-slate ciMituning masses of gneiss 
periiaps of a contemporaiy formation, (Tuffle ia 
Norway); beds several feet in thickness, com- 
posed of an intimate mixture of compact feldspar, 
quarts and mica, (K&lstad near DNrmtheim, in 
Norway); nrica-slate mth Mack and carbunrtted 
mica, (SnediSttan in Ntmvay ; Hnffiner in the 
Valais). I do not cite the gypeum of Val Can»- 
ria, near Airolo, which M. Freiesleben and my- 
self in 179s, bdieved to be a primitive formation 
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subordinate to mica-alate; but which MM. Brochant 
and Beudant (who studied it separately witii care) 
determined to be transition gypsum superposed 
on mica-slate. Mica-slate often contains hornblende 
disseminated through its mass, (Salzbourg j Saint 
Gothard ; Oberwiesenthal in Saxony ; Sommerlei* 
ten near Bareuth). The emeralds of Sahara, in 
Upper Egypt, again found by the intrepid traveller 
Cailliaud, and those of Salzbouig, are contained in 
the mass of mica-slate itself, as are, in both cond- 
nents, garnets* staurotide, (SL Gothard j Sierra Ne- 
vada de Merida), and the syenite, (Shetland Isles, 
Maniquarez, at the north of Cumana). The erne* 
raids of Muzo, in New Grenada, appeared to me 
to form a bed in a hornblende-slate subordinate to 
mica-slate. If we consider formations only with 
relation to their volume and mass, we must admit 
that mica-slate appears as important iu the chains 
of the mountains of Europe, as transition porphy- 
ries and trachytes in Mexico, and in the Andes oi 
Quito and Peru. The most considerable continued 
masses of mica-slate which I saw in equinoxial 
America, are those of the Cordillera of the shore 
of Venezuela, where granite-gneiss predominates, 
from Cape Cudera as ^ as Punta Tucacas (at 
the west of Fortocabdlo), while towards the east 
the same Cordillera is composed of mica-slate, and 
even of a gameti&rous mica-slate, in the mountains 
of Macanao, the Isle of Mai^uerite, and in all the 
peninsula of Araya. At the west of of Cht^M- 
tipari, this latter rodt contains mull beds of quartz. 



with syenite and nitile. Near Caracas gra- 
nular limestone forms beds> not in the mica4lato» 
but in the gneiss ; in the mountains of Tvy, im. 
the contrary, there is mica-alate passing (as in tlw 
valley of Capaya) to talcv4late» containing beds ci 
primitive limestone, and small beds of zeicben- 
schiefer (graphic ampelite). At the aouthttftbe 
Onxmoko, in the mountain-group of Kuim^ 
in an extent of one hundred and eighly leaguea*! 
I saw no real mica-slate lying on graoite-gnei^Si, 
The latter formation alone seems to cover -that) 
vast countty, but there gneiss sometimes passes to 
mica-slate ; at sunrise it gives a splendour to the 
flanks of several lofty mountains (peak of Cali- 
tamini, Cerro Ucucuamo, between the sources of 
of the Essequibo and Rio firanco), and has thence 
conUibuted to the mythus of Dorado and the riches 
of Spanish Guyana. In the Cordilleras of the 
Andes, the independent formation of mica-slate ap- 
peared to me less rare in the north than at the south 
of the equator. At Nevado de Quindiu (New Gre- 
nada) it attains a thickn^s of more than six hun- 
dred toises. Advancing from thence by Quito and 
Loxa, towards'the Andes of Peru, we saw mica- 
slate appearing from beneath the trachytes and tran- 
sition porphyries of Popayui (at the south of the 
volcanoes of Sotara and Furace) ; further on, that 
rock remauis visible on different points from the 
Alto del Roble (the ridge that divides the waters 
between the Pacific Ocean and the Sea of the An- 
tilles) as far as the valley of Quilquas^ ; it is again 
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hid at intervals beneath trachytic porpliyries, 
with a base of phonolite, and re-appears several 
times ; for instance, between Almageur and the 
Rio Yacanacatu, between Voisaco and the volcano 
of Paste, between Ganace and the volcano of Tun- 
guragua, between Guamote and Tiscan near Alansi 
(where the mica-slate contuns an immense bed of 
quartz contiuning sulphur, and another bed (?) of 
primitive g}^uni), between Guasunto and Fopal- 
lacta, between the Canar and Burgay, at the south- 
em part of the trachytic group of Assuay, finally, 
between I.oxa and Gonzanama. Near the latter 
place, in the ravine of Vinayacu, a bed of lamel- 
lar graphite occurs in a mica-slate that is cer- 
tainly primitive. In descending from Loxa by the 
Paramo of Yamoca, towards the Amazon, between 
the 4" and 5" of south latitude, in the valley oi' Po- 
mahuaca, granite of the second formation is covered 
by mica-slate; but in general, in that part of the 
Cordilleras, it is not mica-slate, but primitive sye- 
nite and clay-slate that have assumed a great de- 
velopement, whenever the soil is not covered with 
porphyries and trachytes. In New Spain, mica-slate 
abounds (gold mines of Rio San Antonio) in the 
province of Oaxaca; but farther north (16" — 18° 
N. lat), on the eastern declivity of the Cordilleras, 
between Acapulco and Sumpango, the granite is 
not even covered by gneiss, but immediately by 
alpine limestone (Alto del Per^rino) and transi- 
tion porphyries (the Moxonera Acaguisotta). A 
micB-8late» destitute of garnets and passing some- 
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I times to clay-slate, occurs, however, in the rich 
liiiines of Teluiilotepec and Tasco (between Chil- 
Ipansingo and Mexico), beneath alpine Hmestone. 
IVeins of red silver penetrate from one of these rocks 
linto the other, notwithstanding the great difference 
Ithat must be admitted in the ages of the rocks, 
know no example in the Andes of a bed of 
Iporphyry in mica-slate, or a passage of the latter 
I rock to a porphyritic rock ; a passage which, 
laccording to the important observation of M. de 
iBuch, takes place in the Alps of Splugen, be- 
Itween the village of that name and the valley of 
ISchams. The primitive formations in which 
Imica-slate abounds, supply mineralogists with the 
Igreatest variety of crystallised substances. These 
I rocks, so abundant in potash, rival in this re- 



there is an absence of trachytes, and every other 
volcanic phenomenon. 

GRANITE POSTERIOR TO MICA-SLATE, AND ANTERIOR 
TO CLAY-SLATE. 

§ IS. A granite of new formation, reposing on 
mica-slate, to which it belongs geognostically (St Go- 
thard in the Alps, Reichenstein in Silesia). It is 
often stratified (Hogholm in Norway, according to 
M. de Buch -y Matfi%idersdorf and Stri^au in Sile- 
sia, according to M. Schulze), contains garnets and 
hornblende, and passes to a syenitic rock with large 
grains; the quartz is remarkable for its great trans- . 
parency, and the feldspar for the size of its crystals. 
The granite is sometimes steatitic, and indicates 
the return of slate rocks to granular and crystallised 
rocks. The granite of Mittlewald, north of Boixeu 
(passage of tiie Alps of Brenner), reposes on a primi. 
tive syenite, which alternates several times with 
mica-slate. The granite with topazes of Schneck' 
enstein in Saxony, long considered as a pwticular 
formation (topazfels), is probably only a mass that 
trava*ses the mica-slate. I admit the existence of 
a formation of granite, analogous to that of St. 
Gothard (that is, posterior to micar^late), in the 
Andes of Baraguan, Quindiu, and Herveo, where 
several modem granites I4>pear on the crest of the 
Cordilleras, supporting peaks of trachytes. Is it to 
this formation that the granite of Kri^lach in Sty- 
ria belongs, in which the lazulite (blauspath) re- 
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places common feldspar, and the remarkable rock 
of the Carnatic, the knowledge ofwhichweowe to 
the Count de Boumon ? This latter is composed of 
indianite, feldspar, and corundum (with garnets, 
epidote, and fibrolite). 

GMEISS POSTERIOR TO MICA-SLATE. 

§ 13. A small formation of gamedferous 
gneiss, observed by M. de Buch. It covers mica- 
slate, (Bergen, Classness and Klowen, in Norway), 
and contains subordinate beds of granular lime- 
stone, and even of mica-slate. This formation is 
also found in the Pyrenees. 

ClIKKNSTONE-SLATE, OR GRUNSTEIN-SCHIEFER. 

$ 14. Grccnstonc-slate (diabase schistoide.griin- 
Nlcin-Hchiufer,) is placed between gneiss and pri- 
niitive clay-sluto, (Siebenlehn, Roseatlial), or be- 
tween mica-slate and primitive clay-slate (Gersdorf 
and UoMswein, in Saxony) ; it contains very ancient 
argentiferous veins. Greenstone-slate occurs also 
m a bud subordinate to mica-slate. It is a form- 
ation of compact feldspar ; and its independence 
uppcanto me doubtful. 

IV. PRIMITIVE CLAY-SLATE. 

J la. Primitive schist (schiste argilleux, phyl- 
latlc, urthon-scliiefer,) is less caiburetted, and 



generally of a colourless dark than the transitioD 
clay-slate. Where it passes to mica-slate, the mica 
is in large scales, while mica in small scales cha- 
racterises transition clay-slate ; Subordmate beds ; 
bluish granular limestone ; porphyry ; chlorite- 
slate with disseminated garnets and sphene; mica- 
slate (Klein-Kielvig in Norway); greenstone, but 
-more rarely than in the transition clay-slate ; 
greenstone-slate ; quartz with epidote ; a nuxtiu^ 
of diallage and feldspar ; beds subordinate in pri- 
mitive clay-slate are less frequent than those in 
mica-slate, a rock in which the heterogeneous beds, 
and the abundance and variety of crystallised sul> 
stances have attained their mtuehnum, in passing 
from primitive granite to the transition rocks. When 
we consider, in a general point of view, the difief- 
ence between primitive and transition clay-slate> 
we can indicate in the former several very im- 
portant negative characters ; such as the absence 
of nodules or subordinate beds of compact lime- 
stone, the absence of chiastolite disseminated in 
the mass, layers of clay-slate shining strongly 
charged with carbon, finally, the absence of nu- 
merous beds of greenstone (in balls), of aluminous 
and graphic ampelite (alum-slate, and drawing- 
slate, alaun-und zeichen-schiefer), lydian stone, and 
siliceous schist ; but we must not forget that 'those 
general characters admit of partial exceptions, at 
which the experienced gec^ost is the less sur- 
prised, as transition clay-slate often immediately 
succeeds, according to the relative age of forma- 



tMos, to primitive clay-slate. We find in tJie latter, 
ehiastolite, at the summtt of the I^reneesj and 
near Ktel^ig in Norway. M. de Raumer saw to* 
gather in Silena (Rohrsdoff, Nieder-Runsendokf), 
subordinate beds of porphyiy with a base of ftld-> 
spar, gneiss, nuca-alate, granular limestone, atnpelitak 
and lyilian stone. In eqvin<Hua] America (littoral 
chain of Venezuela^ isthmus of Araya* Cerro d» 
rhuparipsri\ I obaeiired together In a day^^late 
whk'h (lasses l» primitive and ti^untifenHU ntia- 
slateon whicii it wpqaca, bedsof rutileaod shinfa^ 
dnvil^^5k*v u «\'e i aed b^ imaU nini cf native 
dxitn. It if wmetimes very difficult to observe 
with {Hxvision where the primitive clay-slate ceases, 
and where the transition date begins. The Uackish- 
bhie slates of Piedtas Aziiles (between Villa de Cum 
and Parapara) at the uicient nmthern ^mre of the 
Llanos, or stef^s of Venezuela, those of Guan&x- 
uato, at Mexico, of which the lower strata pass 
to talo^hUe and cMorite-siate (talc and chlorite 
^chiefer), while the upper strata are chuged witJi 
cariXMi, and contain beds of setpentine syenite, 
iMwibund on the Hmit of the two contigitous tbnn- 
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Thw6 » no doubt that in both continents the 
lirateat num of schiats me those of tranrition ; 
bnt in Ainenc*, paiticukrly in the eqvinoKial re- 
flion. this iliHi^rMice is less strilring than the actual 
NCIircity of all clay-alate con^jared with gneiss- 
mltwilMl'. Chy-slalie appeara to be entirely want. 
in lh» (Wilhw of Parima, acroaa which the 
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Oroonoko has worked its way ; in tlje Andes, as yeU 
as in the Pyrenees, it occupies a apace o^ bxi;t pm^ 
extent I found it at the north of the equator, si;^ 
porting the secondary formations of the ta})le-l£|.i^4 
of Santa-Fig de Bogota, between ViUeta and AJay,^j 
and at the south ol* the eq^ator, placc^d pn t^?. 
mica-slates of Condora;^, and serving a^ aj|)^^^ 
tlie transition po>rphyries qf die Alto d^ Pilches, l^e^ 
tween Sm Luis and Pomallacta (Andes of Quijtp)^ 
beneath the alpjne liwestoaiQ of Hualg^yoc bass}^- 
ing out Bkt a height of 3QQQ toises, in tli? Para^^ flf 
Yannaquanga (ridge of the Apdes of Pero) ; %jv^ 
reposing imnpiediately on an^pi^jt gi^nit^ bjstwj^e^ 
the Indian villages Q^*San Diego andCasc^ (\i(^e^tf;^ 
deoUvity of the Andes of Peru). I do nqt jcnoyir if 
the clay-slate covering a syenite that belongs tQ gfif^ 
nit^e^ qn the banks of the lake of Hacat^9jL|pi]^^ ^f}^ 
at Paramo de Yamoca (^»atjE3:» 4^Mty of ^ 
Andes of Peru, province of Jaqn d& Bracamoros,) 
he really a primitive fprmatipn^ The ins^nniUe pas- 
sages which we 3Qinejtimes gji^rv^ between gr^itPb 
gneiss, mica^late, and clay-slate, aWfl vh^sk \h»yif 
their analogies in the passage of the syenites and 
serpentines to transition greenstone, has 'led many 
geognosts to believe that those four ^rmations are 
pnly on^. We se^ in ,^t, a vast .exj^K^qf C9f^jry, 
in whicji gneiss ppi^tftptly jpscim^s ti>^iY/?i?p .fijqir 

nite ^nd miq^^^; ^^ mof^^HP )!^W^^ .^^ 
and day-slate ; b»t this pjieno^^j^i^n js hy T^V(^fx^ 
general. We piJWt distifl^i^ ^n ^e t^p l^gfltji- 
spb^es, 1^ tbjB 4i8tricjl^ wI^ei)B t^^^fl^l^p j>^ 
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fages, or oscillatioDs between ndghboarii^ nk^* 
take place frequently, and m anirregnlaTinaiibert'Z'* 
the districts where distinct ' strata of granite aHA' 
gneiss, of gneiss and mica-date, ahemate, and eda^ 
stltute complex formations of granite and gnm^antt 
of gneiss and mica-slate: 3% the pkces where an^plie 
formations of granite, gneis^ mica^date, and -^f^ 
slate are superposed vithout aheinadng (wftli -tfe 
without a passage at the pcant of mutual ebntMct)* 
The latter case does not exclude, in tiie gaei» ftt* 
instance, the beds of granite which resemble this 
lower rocks, nor the beds of mica^-riate which 
indicate our approach to the rocks wluch are 
superposed: 

We place after the clay-slate four parallel form- 
ations. 

QUARTZ-BOCK. PRIHITITE PORPHYRY? 

eRANlT£.OHEISS, POSTERIOR 

TO CLAY-SLATE. PRIUITITE EUPBOTIDS. 

The first of these formations is little known id * 
- Europe ; the third af^iears doubtful as an inde- 
pendent fonnatioiu 

<LUARTZ>K0CK (WITH MASSES OF SPECULAR IRON, 
PER OLIOISTE UETALLOIDE). 

' S 16. This is the great formation that contains 
the itacolumite, or elastic chloritons quartz (gelink- 
qnar^ biegsamer sandstein. chloritquarz) of M. 
d'Eschw^e, and the beds of micaceous and spe- 
odar iron. On the south of the equator we feid, 
in the moimtauu of Brazil, and in the Cordil- 
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leras of the Andes, masses of quartz, sometimes 
quite pure, sometimes mixed with talc and chlorite^ 
and which, from the enormous thickness of their 
beds, and the extent they occupy, merit the atteiK 
tion of geognosts. Those rocks of quartz appeared 
to me to consist of several formations of very difleN 
ent relative antiquity. In South America, some are 
connected with a clay-slate decidedly primitive ; 
others, much more difficult to understand in their 
relations of superposition, are placed between trans- 
ition porphyry and alpine limestone, and some- 
times replace the red sandstone. We shall here 
speak only of the former, sepiu-ating the formations 
of which the position is well known, fhxn those 
which are more uncertain. On the t^le-land <^ 
Minas-Geraes, near to Villa-Rica (according to 
the excellent observations of M. d'Eschwege, dire€> 
tor-general of the mines of Brazil), a mica-slate that 
contains beds of granular limestone is covered by 
primitive clay-slate. On this latter rock reposes, 
in conformable stratiiication, the chloritous quartz 
(chloritquartz), which constitutes the mass of the 
Peak of Itaculumi, 1000 toises above the level of 
the sea. This formation of quartz contains alterna- 
ting beds ; 1°, of auriferous quartz, white, greenish, 
or striped, mixed with talc-cMorite, and exhibitiog 
strata of flexible quartz, which have hitherto been 
improperly considered as hyalomicte (greisen), or as 
beds of quartz in mica-slate; S°, chlorite-slate ; 3% 
auriferous quartz, mixed with tourmaline (schorl- 
schieter of Freiesleben) ; 4°, specular iron, mixed 
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irhh ttUHferoUs quartz (goldhaltiger i 
ttihte!fer> The Ueda otAloiibom quutz are adiDe> 
tiltlfes 1000 f^ thick. The «bole of ihb fbrnw 
AkMi i« c6vei«d by ft ifeniiffliibus brectaa, e»- 
trfttndy huri^xnis; M. d'Etehwege thinks that 
It is to the deBtructkm of the beds we have jutt 
tttmed, and which are geognbstically connected 
together, that the soil which is worked bj means 
of inrashihg, dbduld be titttibuted, containing gcAdh 
^Mlha, palladiutn aiHl cHatnDuds (Corr^ daa 
Lagtms), gold and diamonds (Tejuoo^ platina and 
diamonds (Rio Abacte). The decoibposed chkvite- 
tfate, ^in ^hich the topaz and the euclase of 
Bt^^il are prdcurfed, belongs to this formation. 
SoMibtim^ in the mountains of Minas-Geraes, the 
quSftz-rock is of a more simple structure. Instead 
Of being composed of alternate beds, it consists 
%dt of a simple mass of quartz, with dense or 
granular specular iroii (dichter eisenglanz ; fer 
bligiflte not lamelhu' nor micaceous). This mass u 
Bonfetimeb 1800 feet thick, and contains no dis- 
teminated gold. It is placed on primitive elay- 
iflate that immediately covers gneiss. It may be 
mSd %at Tt i^ th!s but litUe known formation of 
itocddtttite quarts Which has furnished, by its de- 
^bmpMition, (into the alluvial soil which has pro- 
ceeded lh*m it) in the years 1756-I764, nearly 
"ttlrty millions of franks in gold annually. It im- 
■diediately Succieeds clay-slate ; but according to the 
'ations hitherto made, it would be difficult 
it with the novaculite or whet-slate (ccm* 
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wez-«chi^er), which is greeni^-grey« smpk^grfy^ 
mixed with omch {^uouae, fin4 fortaiog a, subm* 
dinate bed in clay-slate. Th« itacolumite quartz, b/ 
an orycto^ostic affinity wtMch exists between t^ 
and chlorite^ is aJUied to taljO^te (taUt*8chig&r]^ 
which abounds, in every other country, with mi-t 
nerals well crystalliaed, and which, by the auppres? 
sion of the plates of talc, is sometimes only pui« 
quartz ; the tal^>schist forffis, tbjerefi^te, in (he tfyi^ 
continent9, beds subordisate to clay-^e, and to 
primitive mic»-slate^ j found ^£>nnation analogpu? 
to that o£ Minas-Creraes, but destitute of ^pepu^ 
iron, at the heij^ht of 1600 toises above the level of 
the sea, in the savann^ of Tipcaxas (at the ^out^ 
of Cbimborazo, between iG uamote and S^n-Luis)f 
and at the east of the Paramo de Yamoca, ne^r 
Hecatacumba(Andesde Quito). Enormous oi^ssflfi 
of quartz are there mixed with some plates of 
mica, and superposed to primitive clay-alate, T^^ 
independence of the primitive quartz fbnnatiow 
which we here indicate, will be bettier est^U^liiJ^ 
when we shall find Uiem superposed immediatd^, 
not always on the same rock (on clay-slate), tint pn 
different rocks more anci^it; for inst^ce, pn mic^c- 
slate, gneiss, and granite- In this independence of 
position, the quartz.nx:k of Con,tumaza, which I 
believe to be secondary, is observed; it first covers 
porphyry, then (near Cascas), the same grfmite that 
forms the coast of the South Sea in the Lower Pen;, 
A very important observation made by M. de 
Buch in the north of the Scandiiiavi^ peninsula, 
I 4 



)pears to justify tlie position we iissign, among 
imitive rocks, to the quartz-rock of the south- 
n hemisphere. That indefatigable traveller no- 
:ed, that in the northern region of the ancient 
orld, primitive clay-slate is sometimes replaced 
' a qnartz-rock coloured by iron. Quartz-rock 
id clay-slate are consequently in Norway parallel 
cks, or geognostic equivalents. It is very remark- 
ile to see sulphur, gold, mercury, and specular 
an ore, connected in South America with those 
lormous masses of silex. Whatever interest the 
■ecious metals may excite, it cannot be denied 
at the abinidance of sulphur in primitive form- 
ions is, with respect to the study of volcanoes, and 
ose rocks through which the subterraneous fires 
erce their way, a far more important phenomenon 
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I Pereira) a bed of primitive limestone containing 
masses of native sulphur. Gold and sulphur are 
found also (Andes of Caxamarca, at Peru, between 
Curimayo and Alto del Tual), on the limit of transi- 
tion porphyries and alpine limestone, in consider- 
able masses of quartz which are parallel to the red 
sancbtone. To these quartz-rocka, or rather to 
still newer formations, belong the great deposit 
(quarzflotz) of sulphuret of mercury of Grancave- 
lica, while the mercury of Cuen^a (southern part of 
the kingdom of Quito), as well as that of the duchy 
of Deuxponts, belongs to the red sandstone. These 
notions will serve to throw some light on the great 
beds of quartz which M. d'Eschwege and myself 
observed in the southern hemisphere, and which 
can scarcely be called quartzose sandstone. These 
rocks appear to pass, like limestone, through dif- 
ferent primitive, intermediary, and secondary form- 
ations. Several celebrated geognosts have already 
attempted to introduce quartz-rocks as independent 
formations, in the general type. The quarzgebirge 
of Werner is primitive, and reposes on gneiss (Frau- 
enstein, Oberschonau, in Saxony), by which, per- 
haps, it was formerly covered. Beds that belong 
essentially to one formation are sometimes found 
at the upper and lower limit of that formation ; 
(for example, bituminous slate below zechstein, or 
alpine limestone^ gypsum above zechstein ; silice- 
ous schist, lydian stone, or ampelite, above transition 
clay-slate, and in that rock). The small masses of 
primitive quartz, observed on the ridge of the moun- 
tuns of Europe, cannot be compared in thickness 



nor extent to die rocks of primitive qoartx oftlis 
Andes or Brazil The granular quaitz-rock (wUk 
feldspar), described by Mr. Jamegoa, Jnthc Hsfaridw^ 
the quartz and chlorite-rocks, anteiior to gnuHracke 
and connected with red sandstone (pnamry led 
sandstone of Dr. MacuUoch), afiord smse taibt 
of geognostic saalogy with the quartz nuNm «f 
equinoxial America; but thfy are mu^ smbs 
mixed (less simple in their Btniebire), and aaaj, 
according to the interesting diacuswoia 4if M. Bou6, 
very probably belcmg to ancient tranntioD rocb. 
The tr^nandstein, or aecondary quaitz«rock of 
some Grerman geo^nosts, surround basalts, tad 
are, no doubt, of an origin much more recent 
than the formation of quartz in large masses (ex- 
tremely pure, without mixture, and not a^ie- 
gated), which, placed between transition porphyry 
and alpine limestone, attain, according to my ob- 
servations at the western declivity of the Andes of 
Peru (Contumaza, Namas), the enormous thidc- 
nesa of 6000 feet 

GRANITE AND GNEISS, POSTEBIOR TO CLAY-SLATE. 

S 17< This is a formation of small grained gramte, 
passing sometimes to a ganietiferous gnms, with 
which it alternates. This interesting iennation re- 
poses, (Kielvig, at the nordiem extremity of Nor- 
way, and the Shetland islands), according to M. de 
Buch, on primiUve clay-slate. It contains horn- 
blende wid diallage, and thus mtuiifests its affinity 
~^ ■one xA' the ft^wing formations. The form- 
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ations of granite might be designated (§§ 4. 7. J 2. 
and 17.) by the namea of granite of whitestone 
(weist«in% of gneiss, of mica-date, and of clay-slate} 
but such denominations would lead to the suppo* 
sition that these small formations are necessarily 
situated in whitestone (weistein), in gneiss, in mica* 
slate, and in clay-slate ; whereas they are found 
simply superposed on these rocks, on which they 
seem to depend. The presence of tin, magnetic 
iron ( ? ), hornblende, diallage, garnet, talc and 
chlorite replacing mica, as well as the tendency 
to pass to pegmatite (schriflgranit) characterises 
the newer granites. 

PRIMITIVE PORPHYHY? 

§ 18. Does a primitive and independent for- 
mation of porphyry exist ? There can be no ques- 
tion respecting the porphyries which occur as sub- 
ordinate beds in other primitive rock8(§ § 5. and 15.), 
nor with respect to the gneiss and mica-slate of the 
high Alps, which become granular, and assume by 
the insulation of feldspar crystals, a pophyroidal as- 
pect I hesitate to place the porphyries of Saxony 
and Silesia (duchy of Schwiednitz) among primi- 
tive rocks, although the former immediately cover 
gneiss (between Freiberg and Tharandt. They are 
sometimes traversed by veins of tin (Altenberg) 
and ores of silver (Grund). The porphyries of Si- 
lesia contain disseminated hornblende (Friedland)i 
and have hitherto been considered as more an- 
cient than primitive clay-slate. It is certain that 



the porphyries of Saxony are partly ttansition por* 
phyries, and partly belong to the red sandstone. In 
the Cordilleras of the Andes of Peru, Quiti^ New 
Grenada, and Mexico, among that innumerable 
variety of porphyritic rocks, of which the masses 
attain from 2500 to 3000 toises in thickness, I 
did not see a single porphyry that appeared to me 
decidedly primitive. The most ancient formation 
which I observed occurs in the deep valley of 
Magdalena, (between Guambo and TruxiUo^ in 
Peru) : it is a porphyry with a clay basis a litde 
decomposed, with common not vitreous feldqiar, 
without hornblende, but also without quartz. This 
formation, which appears distinct from al] the trans* 
ition porphyries and trachytes of Quito, and the 
ridge of the Andes of Peru, appears at the height 
of 600 toises above the level of the sea ; it is placed 
immediately upon granite, and is covered, at the 
western declivity of the Andes by a rock of se- 
condary quartz, and (probably) at the eastern de< 
clivity by red sandstone. 

V. PRIMITIVE EUPHOTIDE POSTERIOR TO CLAY- 
SLATE. 

§ 19. This formation is placed at the limit of pri- 
mitive and transition formations. It is the gabbro 
of M. de Buch ; the euphotide of M. Haiiy ; the 
schillerfels of M. de Raumer ; and the ophiolite 
of M. Brongniart. This rock was formerly desig- 
by the names of serpentinite, serpentinous 
lite, granite of diallage granitone, granite di 
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gabbro, granito dell' impruneta, serpentinartiger ur> 
griinstein. We shall here describe it such as it 
was first limited by M. de Buch. It is found super- 
posed (cape north of the isle Mageroe, in Nor- 
way) in a primitive slate, which passes towards the 
upper part to euphotide, and towards the lower to 
mica-slate. The euphotide of Val Sesia covers 
also, immediately according to M. Beudant, primi* 
tive mica-slate. It may be said that in general the 
euphotide or gabbro is a mixture of diallage (sma- 
ragdite), jade (saussurite, tenacious feldspar), and 
lamellar feldspar. Sometimes (Bergen, in Norway) 
jade is entirely wanting ; but in the Verde di Corsica 
(Stazzona, at the north of the Corte and S. Ketro 
di Rostino in the island of Corsica) euphotide is 
only a mixture of jade approaching to compact feld- 
spar and of green diallage without lamellar feldspar. 
Although, according to the interesting observations 
of M. Hauy in his Tableau Comparalif, the dial- 
lage metalloid (schillerspath), whch is green with a 
silky lustre, and the grey diallage pass progressively 
(rocks of Masinet near Turin) into each other; 
these substances may, however, be distinguished 
by the geognostic characters which they most fre- 
quently exhibit in great masses. The euphotide 
with grey diallage is much more frequent (a little 
more ancient?) than the euphotide with green 
diallage. Serpentine is almost always intimately 
connected in position with euphotide, of which it 
seems to be only a variety, with small grains of 
homogeneous iqipearance. This connection is also 



manifested in Hungary (PobadMUi)i whpt^ )£. 
Beudant found greeo «Bd sla;^ eupiioti4e 4sgffae^ 
mediately superposed oa prinutivte nicMiibtfk r@94l> 
according to the labours of Theodore dP SaxttV^f^ 
and Klaproth. occurs among piimkive racH» in ^ 
compact feldspar of whitestoue aad gt^evtuftP 
slate, in the jade of the «u{thotide, aad in ^ 
lazuUte of BaldE^schan. The latt^ wb^twce 99- 
pears to belong to a bed of primitive U fi j etit fi^ 
interposed in granite-gneiss, Siubordinate lw4*i)tp 
euphotide : serpentine with aabeatoai and d ii i^hgp 
metalloid ; serpentine accompanied by xAa^a/Ch 
prase, opal, and calcedony, (Kosemitz, in Silesia)) 
compact greyish limestone passing to fine-grained 
limestone, (Alten, in Norway). This limestone 
connects the euphotide of Scandinavia, which is 
the last member of the primitive formation^ with 
very ancient intermediary rocks. Eupboti4e being 
often not covered, and the superposition of a rock 
on another very ancient .rock throwing no light <hi 
the epocha of its formation, doubts remain of 
.the relative age of many euphotidea. M. de Buch 
saw that of the Upper Valais (Saas, Mont-More) 
.placed above mica-slate ; and that of Sestri at the 
north of the gulph of Spezzia, below clay-slate 
(of transition?), in the Zaragua: M. de Raumer, 
in his excellent work on Lower Silesia* places 
the schillerfels (rack of schiller spar) of Zobten- 
tberg among the primitive formations. M. Kefer- 
•9tsia .places among them thp ^i^jhotide of Ihe 
. JIartz (betweiw N^wtadt and CMerknig), wluch 



coDtains dissemioated ferriferous titanium (ni- 
grine). I think, dao, that the serpentines of 
Heidebo'g, near Zell, and those found between 
Wuriitz and Kotzau, where they contain pyrox- 
ene-cUopude, are very ancient All Uie serpentines 
of the mountains of Bareuth appeared to me to 
be ciosdy ccmnected with hornblende-slate (horn- 
blend -schiefer) md chlorite-slate (chlorit schie- 
fer). They possess very remarkable magnetic pro- 
perties, which I made known in 1796, and which 
have since been the object of the more accurate 
researches of M. M.Goldfuss, Bischof, and Schn^- 
der. In taking a general view of the eiiphotides 
of both continents, we cannot but admit several 
formations of very different ages. The eupho- 
tides which I observed at the Isle of Cuba, Gua- 
naxuato, Mexico, and the entrance of the Llanos 
of Venezuela, are connected either with syenite, 
or black limestone, and appeared to me to be 
decidedly transition euphotides, the same as the 
euphotide (serpentine stratified in their beds ; di- 
rect N. 52° E. i incL 70° at the N. W. ; thickness 
10 tmses) of the summit of the Bochetta of Genoa, 
which I observed in 1795 and 1805, and which is 
imbedded in transition clay-slate that alternates 
with black limestone. The euphotides of Spezzia, 
Prat<^ and the whole of the Siennes^ which MM. 
de Buch and firocchi consider as of primitive or 
very ancient transition ibnnation, appear to M. 
Brongnlart, by whom they have recently been 
examined with great care, to belong to secondary 
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formatioDs, or at least to the mo«t recent 1 
tioQ formations. The celdttated geognosts whod^ 
I have just named agree on the ^"■"'^"*'* pdilidA 
of these euphoUdes of Italy, that it, on the cKyiv 
tt^ostic determination of the rocks whidi -aik 
found below and above the euphcrfide; but -tikcgr 
differ respecting the date which ought to 'fab aai- 
signed to the rocks in cootacC wiUi it XhAt 
in geography, we sometimes know with predaoh 
the position of an island with respect to 'Al 
neighbouring islands; ^ile the iihiiiiliiU liingif 
tude of the whole group, and its pronmity ta^te 
old or new continent, may remain uncertain. 
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TRANSITION FORMATIONS. 



The Transition formation, according to M. 
Werner, consists of rocks which exhibit in their 
composition a great analogy .with those of the 
primitive formation, but whidi alternate with brec- 
ciated or arenaceous rocks (aggregated ciastigue 
rocks of transport). Some remains of organised bo- 
dies (impressions of reeds, palms, arborescent ferns, 
madrepores, pentacrinites, orthoceratites, trilobites, 
hysterolites, &c.) appear chiefly, I will not say 
in the upper rocks, or the least ancient of that 
order, but in general in the non-feldspathic rocks, 
the ma^s of which does not exhibit a very crystal- 
line aspect. 

The excellent observations of MM. de Buch 
and Brochant have contributed most to extend the 
limits of the transition formations. Those limits 
are more easily fixed towards the upper part, where 
the secondary formations beg^n, than towards the 
lower, where the primitive formations end. I have 
elsewhere observed in what manner, through the 
anthradtous mica-slate and green clay-slate, trans* 
ition rocks are connected with primitive rocks } 
how, through the porphyries with glassy feld< 
spar, they are allied to volcanic rocks ; and by 
fine-grained grauwacke and poiphyries abounding 
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in crjatab of quarts to tfaeicdHndrto 
condary poq> hyri ei» Ib n yoo i the m» 
from eaidi other, analogaai nAa, mcfa v tdooiB 
dajr-fllate, with £)£« audi eoalarte^ iad fv- 
boniferous, contaniiiig *fTpi*t*> (alaiiD-KJiirftt')aa4 
Ijdian stone; black l^tfTt""**- ahemadogwUhMn ■ 
flUte, gramracfce, and porplrrnes; aad i^wtea 
mued with tjlanwui iroy ; are placed betveoi 
priimtiTe nx;ks (diat ii» niciks dwtjtute" cf aD 
traced of orgamied bodici^ and of aremoeoqa 
laaww,) and the great coal fbnnatkn j hat Ad 
Mjcceanon (rf* hooMmyinoaa tnnabioD rocks ndea 
even where they all seem to be equally devdoped. 
The greatest number of those fwinatioiiB are ctuik 
posed of two or three altemadng rocks (coow 
pact black lioiestone, greenstooe, and clay-alate ; 
gTBUwacke, and ptK^hyry ; granular limestone, 
grauwacke, and mica.-Blate, with anthracite) ; and 
as the partial members of groups or formations t^ 
so complicated a structure pass ircMn one group 
to another, some excellent observers, MM. de 
Raumer, d'Engelhardt, and Bonnard, have been 
so much struck by this phenomenon of connection 
and alternation, that they recoguise in the whole 
class only one great &mily of rocks. If we examine 
the transition formations according to their struc- 
ture and their oiyctognostic composition, we dis> 
ti ng uis h five very strongly marked associationB ; 
the sdiistose rocks ; the porphyritic rocks (feld- 
or syenitic) } granular and compact lime- 
with anhydrous gypsum, and rock-salt } 
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euphotides and the aggr^;ated rocks (gruiwack^ 
and calcareous breccias). On some points of the 
globe, one only of those groups or associations of 
crystallised and non>CFystallised rocks has received 
so extraordinary a development that the other 
groups appear almost entirely suppressed. Thus 
in the Cordilleras of Mc^cico and Quito, as well as 
in Hungary and several parts of Norway, the 
porphyries and tr^nqitioa syenites predominate ; 
in the Tarentaise, granular and talcose limestone ; 
in some parts of the Alps, and at Bocbetta, 
black limestone, almost compact, or small-grained ; 
finally, in the Hart% and on th^ banks of the 
Rhine, grauwacke and transition clay-slate; but 
this thickness and extent which the minraal raassef 
attain to ought n<4 to detennine the get^oal 
when be discusses the relative age of part^ 
ibrmations. A very great variety of position is ob> 
served not only in the small formations, but the 
great homonymous formations also, when much de- 
veloped, can scarcely be consid^ed as contempo* 
raiy ; that is, they do not bold the same position 
with respect to the other terms of the series of 
the intermediate rocks. The porphyries of Gua- 
naxuato, for instance, are situated on a steatitic 
and cartKmiierous clay-slate, and those of Hungary 
rest on a talcose mica-slate of transition, containing 
beds of dark-grey limestone. 7^e porphyries <^ 
llie Andes of Quito, (and the British Islands ?) r«. 
pcMK immediately on primitive rockB, and are con.- 
K 2 
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sequentijr anterior to every limeBtODe rw^ tiiat 
contains vestiges of organised bodies : on the con-- 
trary, the porphyries and zircon-syenites of Nor>- 
way, and probably also the porphyries of Caucasus^- 
so well examined by MM. d'Engelhaidtand I^uto^ 
succeed) according to the age of their fonnatiom to 
limestone filled with orthocemtites. The most oon-' 
siderable masses of gmuwacke (alternating wlA' 
grauwacke-slate)are nodoubtderelopedamongRt tfatf 
most ancient transition slates; but we also find veiy 
large beds of grauwacke of a much more recent 
origin. In general, the five groups of rocks which 
we have just distinguished according to the relations 
of compoiBition, or the oryctogiiostic characters, do 
not preserve every where the same place in the series 
(tf intermediate formations; they are not found dis- 
tinctly separated in nature as in a oryctognostic 
classification. Clay-slate and black limestone, clay- 
slate and porphyry, clay-slate and grauwacke, por- 
phyry and syenite, gnmular limestone, anthracitous 
mica-slate, are observed to form geognostic asso- 
ciations in countries the most remote from each 
other. The constancy of these binary or ternary 
associations characterises the transition formations, 
much more than the anal<^ which the succes* 
non of homonymous rocks presents in eveiy group. 
In a discussion on the primitive series of rocks 
^^<|nere the formations arc more simple, better de- 
^HMM^aiid less subject to frequent alternations, I 
^^^^^Bpempted to enumerate separately, the granitea 
Ttucceed to gneiss, and the gneiss which sue- 
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ceeds mica-slate. There are primitive granites and 
gneiss of different ages, as in the transition form- 
ations grauwacke or black limestone occur, similar 
in composition, but very distant from each other 
in their relative antiquity. If in these latter form- 
ations, the geognost does not attempt to name 
separately the diferent beds of grauwacke or of 
limestone, it is because these beds separately have 
no value as terms of the series of intermediate 
rocks, but only inasmuch as they make a part of 
certain groups. But these groups, those constant 
associations of clay-slate, greenstone, and grau- 
wacke, of steatitic limestone and grauwacke, por- 
phyry and grauwacke, &c., are the true terms of 
the series. It thence results, that, according to 
the principles which we follow in the arrangement 
of formations, we ought to enumerate separately, 
not insulated masses of limestone, of grauwacke, 
and of porphyry, which are mixed together or 
with other rocks, but entire and well characterised 
groups ; those, for instance, in which grauwacke 
and clay-slate, porphyry and syenite, predominate. 
Some among these last are posterior, and others 
are anterior to the rocks that contain vestiges 
of organised beings. In the primitive formations 
the terms of the series are generally simple ; in 
transition formations they are all complex ; and 
from this complicated nature 'arises the difficulty 
of studying, step by step, an edifice of which we 
can with difHculty comprehend the order amidst a 
confusion of similar parts. To justify the order 
K 3 
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iriiidi I assign to the difierent transitioii fonBatkaii^ 
I shall beg^ hy preaeBting in tiie ftUowing tible 
tiae aucoesaion of ^rmationi (beffomag with the 
most ancient) which have been observed in severd 
-countries, and carefully examined. I dull en^ 
ploy only the oreograpluc descriptim of geognotts 
who have been accustmnbd to follow the nae 
principles in the denomination of rocks. 

1. Andes or Quito akd Peru. 
Traiuttion porphyries, not metaOiferoiu, coming mme- 

diMriy the primitive rod* (gmite, d^-dsta). 

GreeDBtone in bslla (kugelgwtein). 

Black limestone Huperpoaed on porphyry. 

I saw no grauwacke ; it if replaced in the Andes of Qaito 
^d Peru, at the south of the equator, by the great porphyry 
AmiBtion. 

2. Mountains or Venkzuela. 

Green steatitic transition slate, covering primitive gnelM- 
mica-slate. 

Black limestone. 

Serpentine and pvenstone, covered by amygdaloid, mtfa 
pyroxene. 

lliis is the succession of rocks which I observed at the 
kxnYhem balUc of the Llanos cf Calabozo. 

S. MouNTAiHs OF Mczica 

Tranntitm day-slate, with carbon, and containing, also 
vedk ^of satellite and serpentine. The lower beds pass to 
ti k als t e , and repose on prhnitive rxicks. 

Syenite altamating with greenstone. 

Trandtian porphyry, metalliferous and placed immediately 
ISO trauBlUon clay-slate. The upper beds pass into pho- 
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Such is the series of rocks of Guanaxuato. Id tfaeroadfrran 
Mexico to Acapulco, I saw the transition porphyries resting 
immediately on primitiTe granite. Near Tutonilco these 
porphyries are covered by secondary rocku, such as alpine 
limestone, sandstone, and gypeum, mixed with clay. I shall 
not decide on the age of the transition limestope of the mines 
of the Doctor, and Zimapan, nor on that of the porphyries of 
Guanaxuato and RichucB ; but, according to MM. Sonne- 
Bchmidt and Valencia, in the rich mines of Zacatecas, nearly 
as at Guanaxuato, syenite and transition day-slate (with 
greenstone and lydian stone), grauwacke, and non-metallifer- 
ous porphyry, follow in succession from helow upwards. 

4. HUHGAKT. 

Transition mica-slate, with beds of black limestone, resting 
on primiUve rocks. 

Transition porphyries and syenites. Subordinate beds : trans- 
ition mica-dates; white granular limestone with serpentine; 
masses of greenstone. These porphyries, like the greatest part 
of those in the Andes, are immediately covered by white and 
black syemtic trachytes. {O&iervations ofM. Beudant.) 



5. Tarkmtaibb. 

A single formation, reposing immediately on primitive rocks, 
contains stestitic granular limestone, mica-slate with gneiss, 
and anthracitous grauwacke. These different rocks alternate 
several times, and exhibit subordinate beds of serpentine, 
greenstone, compact quartz, and transition gypsum. (Obterv- 
titioHt of M. Brochant dt VitUen). 



6. Switzerland. 

In the passage of the Alps, from QdaTeona to Glaris, ac- 
cording to M. de Buch : — 

Transition clay-slate, with beds of grey limestone, reposing 
on clay-slate, and primitive mica-slate. 

Serpantine with ganicts. 

K 4 
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BUfk Umettone. 

Grauwacke. 

Clay-slate, alternating with black limestone. 

Clay-slate, with ioiprcMions of fiih (tlmoat Becondny). 

In the vicinity of Bex, according to M. de duqicntier. 

Grauwacke, auperpoaed or (primitive?) gneita. 

Illack limcHtone, containing belemnites, and alternating with 
traniition clay -slate. 

Argillaceous limestone of transition with smmomtea, nib- 
ordinate beds of grauwacke, anhydroui gypnun, and rock- 
sall. 

M. de Buch, according to geognostic observatimii made 
before the year 1K(H, assigned to the transition Jbrrnariwia in 
the west of Switzerland, considered in a general point of view, 
and in passing from the lower to the upper rocks, the foUow- 
itiK ordtr ; — 

'rruiiiiiidn clay-slutc, black limestone, saliferous muriacite, 
and Kyp*u**i : grauwacke, black limestone, clay-slate, with 
inipressions of fish. 

7. (iF.RMANY. 

Kystem of position in Saxony, between Freiberg, Maxen, 
and Meissen, according to MM. de Haumer and Bonnard. 

Cluy-itlatc, will) anipelitc and lydiun stone, alternating at the 
same time with gruuwacke, greenstone, porphyry, and lime- 
stone. This formation reposex on primitive gneiss. 

Syenite and porphyry. In this formation, which abounds 
also in Thuringerwald, according to the excellent description 
of M. Heim, transition gneiss and granite are found sub- 
ordinate. 

The Hartz and Western Germany, (between the Khine and 
the Lahn,) contain a great formation of clay-slate, in which, 
as if by interior developgient, masses of grauwacke, and grau- 
wacke-slate, limestone (ollen of a light colour), greenstone, 
quartz, and porphyry appear. The hitter rock is here more 
rare, however, than in the independent formation of syenite and 
porphyry, which supports, in other countries, transition clay- 



8. Peninsula of the Cotbntin and Brrtagne. 
Green shining steatitic (ctay-slate of transition), alternating 
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sometimes with gnuiwacke, with black limestoM, and with 
quartE-rock. 

Syenite and granite. 

TVanaition clay-slate, sometimes again covering syenite. 
(ObtervatioTu of MM. Brongniart and OmaUta d'Hailoy.) 

9. British Islands. 

Transition-syenite and porphyry reposing on primitive rocks, 
(Snowdon, the Grampians, Ben -Nevis). 

IVansition clay'slate, with trilobites, containing, in the lower 
beds, a conglomerate of primitive rocks, similar to that of 
Valorsine, (Llandrindod, Killamey, summit of Snowdon). 

GrauwBcke, (May-hill, and North Wales). 

Transition Umestone, (Longhope, Dudley). 

Grauwacke, old red sandstone, (MitcheUDean in Hereford- 
shire). 

Transition limestone, mountain.limestone (Derbyshire) cover- 
ed by the great coal formation. {Obtervatioru of Mr. Budc- 
ktnd, who seemsi however, to regard the syenite and part of 
the porphyries as primitive.) 

10. Norway. 

Position of the rocks near Christiania, according to the ob- 
servations of M. de Buch. 

Transition clay-slate, alternating with black limestone with 
orthoceratites, and reposing on primitive gneiss, grauwacke 
and kiesel-schiefer. 

Porphyry with crystals of quartz, containing abed of porous 
greenstone, with pyroxene, zircon.«ienite, and transition granite 
with porphyritic beds. 

11. Caucasus. 

Clay-slate, perhaps tranuUon black Umestone with ampe< 
lite. 

Transition porphyries, alternating with clay-slate. This por- 
phyry, often columnar with vitreous feldspar, a little quartz, 
and liule mica, resembles, in the mountains of Kasbek (as 
porphyries do often on the Mexican summits) porous tra- 

Transition gneiss, syenite, and granite in alternating beds. 
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fragments ot* primitive rocks ci Tim iir^w the 
poqrfi rries and srantes ot Fern ; the tnoation 
daj-slate with gnunncke (Haitz, Friedricfcnralde 
in Saxonj, Aggersdj in Sorwmj^ aid Gvuttmato 
in Mexico), are perhq» of co nte mpocanr origin. 
In ranging the rocks as terms of a siofgle series^ 
we ought perhaps to ha%'e caDed to mind their 
parallelism in the following manner : II (I tH* III). 
I consider as terms of the series of transition rocks 
n\x groupie which appear to me to be well cha- 
racterised by the predominating rocks, by their po- 
•Itlon, and by the extent of their masses. These 
groups or great formations are, 1. Steatitic, 
granular limestone, transition mica^slate, and grau- 
WMke with primitive fragments. XL Porphyry 
(not metalliferous) anterior to orthoceratite lime- 
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stone, to transition clay.slate, and mic&^late. III. 
Clay-slate containing grauwacke, limestone, por- 
phyry, wid greenstone. IV. Porphyry and sye- 
nite (metalliferous) posterior to transition clay- 
slate anterior to limestones containing organic 
remains. V. Porphyry, syenite Mid zircon-gra- 
nites (not metalliferous) posterior to clay-slate 
and limestone with orthoceratites. VI. Transi- 
tion euphotide with jasper and seipentine. Al- 
most every group is composed of alternating 
rocks, and several of those rocks, which may be 
considered as small partial formations, are com- 
mon to all the groups. It is this usual occurrence, 
this alternation, this periodical return of the same 
masses, which constitute the apparent unity of the 
great femily of transiti(ni formations. In each group, 
however, certain rocks predominate that give it a 
peculiar aspect. Such are the talcose and granular 
limestones in the first group} non-metaUiferous 
porphyries, abounding in hornblende, and almost 
destitute of quartz, in the second; grauwacke 
in the third ; serpentine rocks in the sixth. The 
fourth and fifth groups are characterued, one 
by metalliferous porphyries and syenites ; the 
other by eircon-granites. But these characters are 
partly oryctognostic; t^e real basis of the divi- 
sion which we propose provisionally to geognosts, 
are the superposition and relative age observed in 
different parts of the globe. One part of the Mex- 
ican and Peruvian porjAyries of the second and 
even of the fourth group, appears to have an inti- 



mate relation with trachytes, which are the most 
ancient among volcanic rocks. 

Before I describe in detail the six great inter- 
mediary formations, I shall mention some general 
considerations on the transition formation, which is 
most fi*equently placed in conformable position on 
primitive rocks. Magnesia, oxidulated iron (the 
magnetic), which furnishes such striking geognostic 
relations with every substance in which magnesia 
predominates; titaneous iron; carbon, and carbo- 
nate of lime, penetrate through the greater part of 
transition formations. M. Beudant has made the 
important observation, that the syenite and por- 
phyry of Schemnitz, Plauen, and Guanaxuato 
effervesce with acids, whilst the trachytes (tra- 
chytic porphyries) of Hungary do not present the 
same phenomenon. Saussure and M. Brochant 
found transition mica-slates that effervesced, (at 
la Tete- Noire), as well as compact quartz, (in the 
Tarentaise), even where those rocks are very dis- 
tant from the interposed beds of steatitic granu- 
lar limestone. I saw in the Cordilleras of Peru 
(Paramo de Yamoca), and also in the Thiiringer- 
wald-Gebirgc (between Lauenstein and Grafen- 
thai), a clay-slate which exhibited at first all the 
characteristics of a primitive rock, but became 
effervescent by degrees, and contained in its last 
beds dispersed nodules of darkish-grey compact 
limestone. The carbonate of line, at first dissemi- 
through the whole mass, becomes gradually 

lensed so as to give the rock a glandular struc- 
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ture, and forming thin alternating strata, and inter- 
posed beds, and finally, granular or compact lime- 
stone rocks, that replace clay-slate, mica-slate, and 
euphotide, in the midst of which they were deve- 
loped. M. Steffens, in his Treaty of Oryctognosy, 
has made some ingenious observations on the mutual 
relations of feldspar and hornblende in primitive, 
intermediary, and transition formations, and in the 
red sandstone. In the midst of the second of 
those formations, feldspar appears even in com- 
pact limestone. We may suppose that in passing 
from granite to clay-slate, through gneiss and mica- 
slate, this substance remains hid in the paste, 
which is only homogeneous in appearance ; since 
we see transition clay-slate sometimes become por- 
phyry, as by other internal developments, by ac- 
cumulations of silica and carbon, and by the ag- 
gregation of the elements of hornblende, it becomes 
siliceous schist, anthracite, greenstone, and syenite. 
We distinguish oflen two sorts of feldspar in trans- 
ition porphyries, the. common, and the vitreous, 
with lengthened crystals, (Andes of Peru, valley of 
Mexico). The latter, which is less a mineralogical 
species than a particular state of common feldspar, 
belongs to transition-formations as well as to real 
trachytes. The frequent presence of hornblende, 
and the want of crystallised quartz, distinguish 
oryctognostically many transition porphyries from 
those of primitive formations. The latter are per> 
haps only subordinate beds to other rocks. Horn- 
blende, which is almost confined to interposed 
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beds in primitive fbrmaticiii, is no where more sboii* 
dant than in the tnuuitton and trachytic fimnafioBa. 
Among the former, greenstone and syenite, by tfas 
change of proportions In the elements of the crys- 
talline sulratances, produce a kind of stmg^ 
between feldspar and hornblende. The pynneoet 
which has been too exclusively thou^t to dmra^ 
terise the trachytes, basalts, and dolerites, is iband 
in several transition porphyries of the And^ amt 
Hungary, It is also found in the black veuenliw 
and basaltic beds of the arcon-syenite c^'S.otWKf^ 
I thought I had observed in stHue trwiaitkw por* 
phyries of North America, traces of olivine, bat 
they were no doubt only varieties of pyroxene 
less dark and greenish, of which the ^edra] 
summits can scarcely be distinguished, and the 
fusibility of which I could not try by the blow-pipe, 
Olivine belongs properly to basaltic formations; it 
is even doubtful if it occurs in the trachytes. 
The frequent tendency to cTystallisatifHH, which 
is observed in transition formations, amidst sedi- 
mentary and aggregated rocks, is so extraordinary 
a phenomenon, that some celebrated geognosts 
have been tempted to admit that many of those 
rocks which appear aggregated (under the form 
of breccias, or pudding-stones ; clastic and are- 
naceous rocks i transition sandstone, or conglo- 
merates^ ftr from containing the remains of pre- 
existent rocks, are only the eSSsct of a omfiised but 
contemporary crystallisation. Masses which have 
Uta some strata been considered as distinct angular 



143 

tragmeruts, seem insensibly to dissolve at a little 
distance Into the paste of the rock. Other masses, 
which resemble rolled pebbles, become nodules 
adhering strongly to the curved lamuue of a 
schist, and then lengthen and vanish by degrees. 
When we compare together certain granites and 
porphyries, limestone brecdas, grauwackes, and 
red sandstones, we imagine that we perceive in 
rocks of an age so different, from certain indica* 
tions of structure, the insensible passage of a con< 
temporary formation from a crystallisation, simulta- 
neous, but (Usturbed by particular attractions to a 
real aggregation (aggluUnation) of the debris of 
pre-existing rocks. In eveiy zone granites occur 
with large gruns, in which masses with small grains 
very micaceous are found included occasionally, 
and which appear, at first sight, to contain frag- 
ments of older granite. This appearance is as 
fallacious as that of many transition porphyries, 
euphotddes, and limestones, which antiquaries and 
sculptors designate by the name of breccia, or 
regenerated rock. The pretended fiagments, 
often striped and streaked (in the verde antico, and 
the hmestones most sought after for decorating 
the interiors of edifices), are probably only masses 
which were the first consoHdated in a fluid 
agitated strongly. The congealed waters of our 
rivers, and various mixtures of salts in our labora- 
tories present anal(^us phenomena. The manner 
in which the re-united and angular fragments of 
grauwacke, those of calcareous pudding-stone with 
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a granular paste and compact ft agmenta, and IIkmb 
of ceitun red Buidstones, ^ipear sometimei to. 
vanish and dissolve in the whole muB, ve nmdh 
more difiBcult to explain in the actual state of. . 
our knowledge. It cannot be doubted, that dw 
fi^uent alternation of stzata obviously aggregate^ 
and strata almost homogeneous, or digfatlj Dodaln^ 
as well as the passage of these masses to eadiotbov 
have been detennined by very accurate fibaem^ 
tions ; and M. Bonnard was right in saying, in im . 
Treatise of Formations, " that this phenwncDOD m 
one of the most incomprehensible which we meet 
with in die study of gec^inosy." Ought we to ad- 
mit that when the outUne (MT imbedded Pigments 
disappears almost entirely, there has been but a short 
interval of time between the soUd^ation of the 
fiagments and tliat of the paste? We shall see 
shortly, in red sandstone, crystals of feldspar oc- 
curring in that very paste,' and causing it to resem- 
ble the porphyry of the red sandstone. (Stefifena, 
CreogTtostisch Geaiog. Aii^., p. 15, 16. 23. 31. 
Freiesleben, KugferKh, torn. iv. p. 115.) 

I. ORANULAH TALCOSE LIMESTONE, TRANSITION 
MICA-SLATE, AND GRAUWACKB WITH ANTBHACITE. 

S 20. The same formation, the sarae group 
contains different limestones, and schistose and 
fragmentary rocks, alternating with each other. 
This formation is not composed of those insulated 
rocks (like the formation of poiphyiy, syenite, and 



greenstone), but of tliree partial formations, three 
series or systems of rocks. The most complicated 
type of this grouping of almost contemporary 
rocks is developed at the south-east of tlie Alps, 
in the valley of Isere, where it has formed the 
object of the profound researches of M. Brochant. 
If almost all the terms of the series of intermediary 
rocks are complex, these terms or great ibrmations 
do not vary the less according to the degree of that 
complex disposition, and according to the number 
and nature of Uie alternating masses. The group 
of the Tareniaise (the same -by which we shall de- 
signate the formation § 20.) displays in its structure 
and composition (in its granular and talcose lime- 
stones, in its gneiss and mica-slates,) so much the 
appearance of a primitive foimation, that we only 
recognise its relative age by some remains of 
organic bodies, and by the frequent interposition 
of arenaceous beds (pudding-stones, breccias, and 
grauwackes). During a long time, therefore, 
geognosts, neglecting the observation of alternation, 
and the unity of that complex formation, placed 
the pudding-stones of Yalorsine among primitive 
rocks, and considered them merely as a local 
phenomenon. Later and more widely extended 
researches have made us acquainted with many 
analogous facts. These pudding-stones with primi- 
tive fragments are grauwackes that alternate with 
micaceous limestone, or with green clay-slate, or 
with transition gneiss. They are observed in the Alps 
(Trient au Valais), in the Tarentaise, in Ireland 
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in the mountains of Killaraey and St DM!kI> 
finally, on the eastern coast of Egypt, in tiie nXt^ 
of Cosstgr (Qozir). The limefltone of the Tamfci 
taise, and the Little St Bernard, which contaiiiat 
disseminated ciystals of feldspar, and igiach consfr 
tutes a species of porphyrcnd rock vitib a'UnM^ 
stone basis, is found in anali^ous fonnatum* dt 
the Alps of Carinthia. ' Hiis phenunenon of the tt-' 
sociation of lime and feldspar is so much ihemdrt 
remarkable, as lamellar feldspar, and granokr attd 
compact limestone, ^)pear to manifest every irfuM*4 
else in their geognostic relations, a kind of lepid^ 
sion much stronger than v^t is observed in somifr 
countries between hornblende and limestone. 
Transition mica-slates and gneiss have been lon^ 
considered as belonging exclusively to the repaai 
south-west of the Alps ; but they are also found in 
the clay-slate and porphyry formations of the 
Caucasus, and in the porphyry and syenite form- 
ations of Saxony and Hungary. In general, how- 
ever, the formation which is the subject of this 
article, and which is characterised at the same time 
by the absence of porphyries, and the frequency of 
talcose and granular limestone, micaceous quarts 
and anthracites, appears to have favoured the deve- 
lopment of transition mica-slates and gneiss, more 
than the great formations of pt^hyries and sy^tes, 
or of clay-slate and grauwacke. In the two latter, 
on the contraiy, we find in the greatest abundance, 
transition granites, which are crystalline, granular, 
without being laminar, almost destitute of mica. 
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and geognostically belonging (even when they Con- 
tain no trace of hornblende) to syenite, as transition 
mica-slates and gneiss belong to micaceous quartz. 
Syenites, whether simply forming beds in green clay- 
slate, or, constituting with porphyries an independ- 
ent formation, announce the commencement of 
transition granite ; the compact or slaty quartz con- 
taining scales of mica (quartz of the anthrscitoua 
limestone formation, quartz of transition clay-slat^ 
and porphyry,) precede transition mica-slate and 
gneiss, which has been justly designated as porphy- 
roid mica-slates with ciystals (and nodules) of 
feldspar. These various modes of development of 
granites amidst syenitic rocks, of gneiss and mica- 
slate amidst quartzose rocks, lead us to understand 
why gneiss and mica-slate are found associated (vi- 
cinity of Meissen, in Saxony, and western declivity 
of the Caucasus,) much more rarely with granite of 
the transition formations than with the primitive 
formations. Itmaybesfud, that the granites of the 
fu^t of these formations are only beds of syenite 
having no hornblende, and that the greater part of 
transition mica-slates present only modifications (in 
certiun states) of a micaceous quartz in which mica 
becomes more abundant These changes, how- 
ever, by internal development, are not always made 
in the same manner. Sometimes, also, (valley of 
Mugiitz, in Saxony,) transition granite rises imme- 
diately amidst clay-slate, and the syenites of Meis- 
sep and Prasitz pass at the same time to transition 
granite and gneiss* 
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The following is the alternating leriea of Knie- 
stones, schists, and arenaceous rocks, which cmuti' 
tute the formation that we pUce at the head of 
^e transition groups. 

Tofeoje gramilar limestone, often veined, slaty^ 
fetid (like the granular white marble of the iale 
of Thasos), mixed with grains or nodules of quait^. 
and containing (Sainte Foix) beds of IraiuitiaB 
serpentine. Compact UmestonCt yellfiwish, •oiii&< 
times grey, and containing dystals of feld^ar 
(Bonbomme, Little St Bernard, and vall^ of the 
Tarentaise. Pudding^tones, or conglomerate lime-' 
stoWs, with a granular paste and compact fragments 
(Tarentaise breccia of Villette). These three rocks, 
which form a subdivision of group § 20., alternate 
with each oth«-, and with the schists of the follow- 
ing series. Compact transition limestones some- 
times resemble the Jura limestone, and sometimes 
pass to a fine-grained limestone. The talcose sac- 
charoid limestone, oflen white and veined, assumes 
the aspect of the beautiful primitive marble of Pen- 
telicus f Cipolino). Hymettus, and Carystes in the 
ishmd of Euboea. The remains of organised bodies 
are gen^^ly wanting in this limestone series ; but; 
as we shall soon see, the rocks of that series alternate 
with schists contaiuingimpressionsofmonocotyledon 
plants. M. Brochant has even discovered a pe- 
triftction of a nautilus, or of an ammonite, in the 
calcareous pudding-stones of La Villette, between 
Moutiers and St. Maurice. 

Transition clay-slate, either striped, and contain. 
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ing laminae of interposed limestone, or unctuous 
mixed with fibrous talc (mine of Pesey), without 
any visible calcareous parts, but effervescing with 
acids, llus clay-slate contains (Bonneval) subor- 
dinate beds of greenstone. 

Compact guartz, or quartzites, either without mix- 
ture, or micaceous, and belonging to granular lime- 
stone, as well as to transition clay-slate. It is from 
the accumulation of mica in these masses of compact 
quartz that the mica-slate of this formation arises, 
and even gneiss ; for quartz often contains a little 
feldspar (Usseminated in the mass. Mica-slates, pass- 
ing to black bituminous schists with impressions 
of plants, (Montagny, Little St. Bernard, Landry,) 
are associated with anthracites, and alternate 
(Moutiers) with steatitic limestone and grau- 
wackes, or pudding-stones with primitive frag- 
ments. The paste of these conglomerates, in which 
quartz, granite, and gneiss, are imbedded, is not 
always of the nature of clay-slates, as in the grau- 
wackes of the Hartz (of the great formation, §33.) ; 
it most frequently resembles mica-slate. When 
the fragments become very rare in the mass, these 
rocks are confounded with real transition mica- 
slate. 

In this group, composed of so many beds alter- 
nating periodically, the schistose series with an- 
thracite appears a little newer, when we consider 
the great masses, than the limestone series. If, on 
one hand, the gypsums of the Tarentaise and 1' Al- 
l^Blanche, containing muriate of soda, sulphur, and 
L 3 
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Inliydrous sulphate ot'lime, repose simply on transi- 

■on fonnations, without being very visibly covered, 

f appears no less certain, from tlie interesting dis- 

lussions of M. Brochant, that the gypsum of 

logne, Urigg, and St Leonard in tlie Valais, are 

pterposed in transition limestone itself. The great 

prmations, § 20. and 25., are tlie only uiterme- 

ry rocks in which porpliyries and syenites do 

. appear to be developed j and they are also 

se ill wliich saccharoid wliite limestone and 

■lasses of talc abound most. Lamellar feldspar, 

Ihich penetrates into calcareous rocks (feld- 

bathic calciphyres of M. Brongniart), appears to 

5 only to the formation § 20. Anthracites are 

to this and the great formation of clay- 

, grauwacke, ^ 22. ; but tliey are less fi"e- 



diu (New Grenada), a tranBitiou limestone, not 
compact, but very granular, bluish grey, mixed 
with grains of quartz, and containing siliceous 
masses resembling pitchstone. These masses are 
traversed by veins of calcedony. The position of 
this limestone of Contreras, in the midst of a form- 
ation of sandstone and secondary gypsum, is diffi- 
cult to determine. 

11. TRANSITION POEPHTRY AND SYENITE IMME- 
DIATELY COVERING PRIMITIVE ROCKS, BLACK 
LIMESTONE, AND GREENSTONE. 

§ SI. This is the great ibrmatioi]^ destitute of 
grauwacke, of South America. It presents some 
problems very difficult to solve, and comprehends 
the transition porphyries of the Andes of Popayan, 
and of that part of Peru which I passed over in 
returning from the Amazon river to tiie South 
Sea. Previously to any detailed description of this 
formation, I shall take a general view of the 
porphyroid rocks of equinoxial America, which 
have been the principal object of my geognostic 
researches. If, as M. Mohs has well observed, grau- 
wacke characterises, pre-eminently, in Germany 
and a great part of £urope, the intermedlaiy form- 
ations ve ^B.y in the equinoxial region of the 
new contineht regard porphyries as the principal 
type of those formations. No other chain of moun- 
tains contains a greater mass of porphyries than 
the Cordilleras, which extend, almost in the di- 



rection of a meiidian, 850a leagues from one 
hemisphere to the other. These porphyries in 
part rich in ores of gold and silver (§ S3.), 
are most frequraitly associated with trachytes^ by 
which they are covered, and through which the 
volcanic agents still penetrate. This assodaticn o( 
metalliferous rocks with rocks produced or changed 
by fire would less astonish the geognosts of Eu- 
rope, if it did not extend to gold and silver, but ^ 
only to specular (fer oligiste) iron, oxidulated 
iron (fer oxidul^) titaneous iron, and muriate of 
copper. This phenomenon is one of the most 
striking and most opposed to the opinions long 
entertained by celebrated men. It is, however, 
a &ct very necessaiy to be well determined, that 
there is a proximity of position, and sometimes 
an analogy in the composition, without an identity 
of formation. The method we have adopted 
of circumscribing different formations according 
to their superporition, and the nature of the rocks 
by which they are covered, will, I flatter my- 
self, serve to throw some light on the relations 
which are observed between transition porphyries, 
trachytes, and (secondary) porphyries of the red 
sandstone. I shall, at the same time, indicate the 
places where limits, as strongly marked as the actual 
state of our systematic divisions seem to require, 
have not yet been discovered in nature 

The porphyries of South America may be ccm- 
sidered in two ways; according to their geogra- 
phical position, and according to the dates of • 



their formation. We find in Europe, transition 
porphyries and syenites (Saxony, Vosges, Nor- 
way,) generally distant from trachytes (Sieben- 
gebirge, near Bonn, Auvergne) ^ it happens, 
however, also, that porphyries and trachytes 
are found united (Hungary) ; and then the 
former are sometimes metalliferous. In South 
America, porphyries and trachytes are all found 
together on a narrow land, in the most western and 
most elevated part of the continent, on the shore 
of that immense basin of the Fadfic ocean which 
is bounded, on the side of Asia, by the volcanoes 
and trachytic rocks of the Kuriles, Japanese, 
Philippine and Molucca Islands. At the east of the 
Andes, throughout the whole eastern part of South 
America, on a space of ground of more than 
500,000 square leagues, no transition porphyry, nor 
real basalt with olivine, nor trachyte, nor burning 
volcano, have been observed either in the plains or 
the groups of insulated mountains. The phenomena 
of the trachyte formation appear to be confined to 
the ridge and the line of the Andes of Chili, Peru, 
New Grenada, Saint Martha, and Merida. I 
announce this circumstance in a particular manner, 
in order that travellers may be induced to con- 
firm it by fiuther examination, or refute it. In the 
same region, which extends from the eastern de- 
clivity of the Andes towards the coast of Guiana 
and Brazil, gold, platina, palladium, tin, and an 
immense quantity of specular and magnetic iron 
have been found ; but amidst many indications of 
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sulphuret or muriate of silver, no mine has been 
discovered wliich can be compared in richnea to 
those of Peru and Mexico. I did not see trann- 
tion porphyries, nor the porphyries of red sand- 
stone, in the chain on the coast of Venezuda, m 
the Sierra de la Parima, nor in the plains between 
the Oroonoko, the Rio Negro, and the Ama«m 
river. To the east of the Andes, I know but odc 
small portion of the trachyte formation near Pan- 
para (northern border of the Uanos of the Cara- 
cas), where, in a spot highly interesting to geo- 
gnosy, phonolite and mandelstein with pyroxene 
are superposed on transition serpentines and clay- 
slates ; but these phonolites are found on the bor- 
der of the chain of the Cordillera of Caracas, which 
is connected by Nirgua, Tocuyo, and the Paramo 
of Niquitao, to the Andes of Merida. M. d'Esch- 
wege found, in Brazil, some porphyries interposed 
by beds in primitive formations of granite-gneiss ; 
but he thinks, also, that this vast country is desti- 
tute of independent formations of transition por- 
phyry, tiachyte, basiUt, or dolerite. The very 
great length of the rivers in America, and the 
number of their tributary streams, facilitate, by the 
examination of rolled stones, the knowledge of 
those parts of the country which have not been 
visited. I collected between Carare and Honda, 
in the midst of a formation of sandstone, frag- 
ments of trachytes which the river Magdeleine 
receives from the Andes of Antioquia and Her\'eo 
(New Grenada). 



With re^ct to the nature of the formations of 
porphyry which exist so abundantly in the western 
and mountainous land of South America, and in 
that of Mexico, which is but a prolongation of the 
same land, we shall describe two very distinct 
groups in that place. The first (§ 31.), not metal- 
liferous, reposes iomiediately on primitive rocks ; 
the second (S £3*)i often metalliierous, rests on 
clay-slat^ or on talcose slate, with transition lime- 
stone ; both of these by their position and com- 
position sometimes resemble trachytic porphyries, 
as the porphyries of the group § 22. resemble those 
of the red sandstone. In ftct, the transition por- 
phyries of the Andes of Peru and Mexico are 
often found covered by trachytes, while the por- 
phyries of some parts of Germany are covered 
by the secondary formation of red sandstone, which 
contains in its turn porphyries and mandelstein. 
In equinoxial America, the limits between transi- 
tion porphyries and real trachytes known to be 
volcanic rocks are not easy to fix. In ascending 
from the porphyries which contain the rich silver 
mines of Pachuca, de Real del Monte, and of 
Morau, (porphyries destitute of quartz, but often 
abounding in hornblende and common feldspar,) 
toww^ the white trachytes with pearl-stone and 
obsidian rf Oyamel, and of Garo de las Navajas 
(mountain des Couteaux, to the east of Mexico) ; 
and in passing, in the Andes of Fopayan, transition 
. porphyries covered on some points with fine- 
gruhed black limestone, to the pumice'trachytes 
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that surround the volcano of Purac^ we find in- 
termediary porphyritic rocks, which we are tempted 
sometimes to regard as transition porphyries, 
sometimes as trachytes. To this may be added, 
that amidst these porphyries of Mexico so ridi 
in gold and silver, we observe beds (Villal- 
pando near Guanaxuato,) destitute of hornblende 
but containing slender crystals of glassy feldspar. 
They cannot be distinguished from the phonolites 
(porphyr-schiefer) of Bihuer-Stein, in Bohemia. 
Generally, as the learned professor of mineralogy 
at Mexico, M. Andres del Rio, one of the most 
distinguished pupils of the school of Werner, had 
observed before me, the transition porphyries of 
New Spain contain two species of feldspar, the 
common and the vitreous. It appeared to me, 
that the latter becomes more abundant in the 
upper beds, in proportion as we approach the 
trachyte-porphyries. 

In the equinoxial part of the new continent, we 
are as much embarrassed by the connection of the 
porphyries, often argentiferous, with the trachytes 
containing obsidian, as we are in Europe by the 
closeconnectionofthe last transition rocks wiUi the 
most ancient secondary rocks, or the alternation of 
transition mica-slates, which have every appearance 
of primitive rocks with grauwacke and very an- 
ctent conglomerates. The source of this embarrass- 
ment is not, however, the same. There is nothing 
extraordinary in seeing fragmentary racks, or rocks 
containing orthoceratites, madrepores, and encrl- 
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nites, succeeded by rocks destitute of organic re** 
mains, and resembling gneiss and primitive mica^ 
slate. This alternation, this local and periodical 
absence of living beings, manifests itself even in 
secondary and tertiary formations; it appears to 
indicate different states of the surface of the globe, 
or of the bottoms of the basins in which the stony 
deposits have been formed. On the contrary, the 
association of transition porphyries and trachytes, 
and the frequent passage of these rocks into each 
other, are phenomena that seem to loosen the bases 
of those geogonic principles which have been most 
generally received. Must we consider trachytes, 
pearlstone, and obsidian, as of the same origin 
with clay-slates containing trilobites, and black 
limestones with orthoceratites ? Or ought we not 
rather to admit, that the domain of volcanic 
action has been too much limited ; and that these 
porphyries, partly metalliferous, destitute of quartz, 
but containing hornblende, vitreous feldspar, and 
even pyroxene, are with respect to their origin and 
relative age connected with trachytes, as these tra- 
chytes formerly confounded with transition por- 
phyries by the name of trap-porphyries are con- 
nected with basalts and real lava ejected by 
burning volcanoes? The first of these hypothe- 
ses appears to me to disagree with all that has 
been observed in Europe, and all that I have been 
able to collect respecting the obsidian and pearl- 
stone at the peak of Tenerifife, and at the vol- 
canoes of Popayan and Quito. The second hypo- 
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thesis will appear less hazardous, less devoid of 
probability, perhaps, when we no longer limit the 
idea of volcanic action to the efifects produced 
by the craters of our burning volcanoes; and 
when we consider that action as owing to the 
high temperature which every where prevails at 
great depths in the interior of our planet We 
have seen within the period of history, even in 
that part nearest to our time, rocks of trachyte 
rise out of the sea without flames, without any 
ejection of scoria (Archipelago of Greece, the 
Acores, and Aleutiennes isles); we have seen 
balls of basalt, in concentric layers, issue fix>m 
the earth completely formed, and collect together 
in small cones (Play as of Jorullo, in Mexico). 
Do not these phenomena lead us to imagine to 
a certain degree what may have formerly taken 
place on a much greater scale in the fissured 
crust of the globe, wherever that internal heat 
which is independent of the inclination of the axis 
of the earth, and the slight influences of climate, 
has, through the intervention of elastic fluids, 
heaved up masses of rocks more or less softened 
and liquefied ? 

In mentioning the transition formations, which, 
in the Andes of Mexico, New Grenada, and 
Peru, seem to be connected with the trachytes 
by which they are covered, we cannot avoid enter- 
ing into some considerations on the origin of rocks. 
It is the imperfection of our classification of form- 
ations which leads to this digression. The word voU 
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canic rock denotes, as I have observed above, a prin- 
ciple of division quite different from tiiat which we 
follow in separating primitive from secondary 
rocks. In the latter case, we indicate a &ct sus- 
ceptible of direct observation. Without advancing 
further, and in examining only the actual state 
of things, we can decide if an association of rocks 
is, or is not, entirely destitute of organic remains, 
or whether or not any arenaceous or fragmentary 
beds are found interposed. On the contrary, in 
opposing volcanic formations to primitive and se- 
condary formalioTis, we agitate a question altogether 
historical ; we oblige the geognost to pronounce 
against his will as by exclusion, on the origin of 
granites, syenites, and porphyries. It is no longer 
the direct observation of what exists, the presence 
or the absence of impressions of organised bodies ; 
it is by reasoning founded on inductions and ana- 
Ic^es more or less contested, liiat he is obliged 
to decide on the vokanic or non-volcanic origin 
of a formation. Among the products which the 
greatest number of geognosts, I may say all who 
have seen Italy, Auvergne, the Canaries, and the 
Andes, consider as decidedly igneous (porphyries 
with a base of obsidian, semi-vitreous porphyries, 
trachyte-porphyries, and the porphyries which by 
their composition, by the presence of quartz, by 
the absence of vitreous feldspar, hornblende, and 
pyroxene, resemble the grauwacke-porphyries), 
beds are found (in the Cordillera of the Andes) 
of which the base passes to phonolite (the base 
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uorpiiyi'-sfliieter), and in which vitreous feldspar, 
fnblentie, and sometimes even pyroxene, pro- 
fcssively replace common feldspar. We do not 
en know where the porphyries which we are 
Veed to call transition end, and where the tra> 
ktes begin. 

I have no doubt that new travels, and a profound 
lamination of intermediary feldspathic rocks, 
1 of those contained in the red sandstone, will 
■■ow more light on tliis interesting problem ; in 
J present state of our knowledge, I shall content 
Jself to be guided in the separation of the porphy- 
s and trachytes of the Andes, less by the con- 
leration of their composition than by that of 
■ir position. It is extremely unusual to find 
Inmon feldspar in the real trachytes of equi- 
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quartz, comfiion feldspar disseminated, together 
with interposed beds of pearlstone and obsidian. 
This phenomenon also occurs in the trachytes <rf 
the Euganean mountains. Mica, and also gamets» 
appear, although very rarely, in the transition 
porphyries of both continents; but they occur 
equally in the trachytes of the ancient volcano pf 
Yanaurcu, at the foot of Chimborazo, and in the 
trachytic conglomerate of- Europe. The porphy- 
ries, as well as the trachytes of the Andes, exhibit 
superb columns ; and the mass of columnar tra- 
chyte is sometimes so compact, that it is difficult 
to discover in them either pores or fissures. 

From these statements it results, that the charac- 
ters of composition (absolute and ululated charac* 
ters, by which some have .attempted to distinguish 
the transition porphyries, and the trachytes of the 
CprdiUeras) are y^ry uncertain ; it is by the whole ^ 
these orycttog)tKMtip {Characters, by the passage of 
a rock tp a vitreoua utate, by ithe obsidian, the pearL- 
3tone and the scprified musses wjuch are imbedded 
in it, and by the lelatioo^ of position, that a tra- 
chyte can be known. Besides, it is easier to class 
certain formations as trachytes, than to decide 
on the pretended neptunian origin of other rocks. 
Trachytes and transition poiphyries may both be 
placed on primitiye rocks ; it is not the rocks by 
which they are supported, but those by which they 
are covered, that ought to guide the geognost The 
trachytes and porphyries of the Cordilleras are, most 
frequently, not covered by other formations j but 
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wherever they are so covered, and where the 
superposed rock is indubitably transition, that su- 
perposition alone determines, in my opinion, the 
problem of classification. Trachytes generally 
serve as a basis only to other igneous products ; 
very rarely (Hungary) to tertiary formations iden- 
tical with those round Paris; still more rarely 
(Archipelago of the Can&ries, and the Andes of 
Quito) to thin formaticms of gypsum and oolites 
interstratified with, or superposed on, volcanic tuias. 
The transition porphyries of America, and not the 
trachytes, are sometimes covered by fine-grained 
black limestone, by red sandstone, or alpine 
limestone ; and it is when this covering is wanting 
that we are obliged to have recourse to the un- 
certain method of inductions and analogies. We 
should, perhaps, risk less in separating what na- 
ture has united closely, if provisionally we de- 
scribed, under the vague denomination of amphu 
bolic porphyries (hornblende-porphyries, homblend- 
iges porphyrgebilde), the whole of those rocks of 
the Cordilleras which exhibit a porphyroid struc- 
ture (transition porphyries and trap-porphyries, or 
trachytes), which are almost destitute of quartz, 
and which abound at the same time in hornblende 
and in lamellar or vitreous feldspar. 

After having given this general view of the trans- 
ition porphyries o( the Andes, and their geognostic 
affinity with trachytes, I shall describe that group 
of porphyries which is anterior to limestone with 
entrochites and orthoceratites, and to clay-slate and 
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transition mica-slate. In this equatorial group, we 
may distinguish, in the northern hemisphere (Cordil- 
leras of Popayan and Almaguer), and in the south- 
ern hemisphere (mountains of Ayavaca, on the 
limits of the Andes of Quito and Peru), several 
partial formations ; viz : — 

Porphyries ; 

Greenstone and ferruginous clays ; 

Syenites ; 

(Transition granites ?) ; 

Limestone containing much carbon ; 

(Transition gypsums ?). 
Porphyries, the aspect of which is often trachy- 
tic, predominate in this group. I did not ob* 
serve porphyries alternating with syenite, or with 
transition limestone ; nor syenite with greenstone 
which occurs (§§ S3, and S4.) at Mexico, and in 
several parts of Europe. The syenite of the Andes 
of Baraguan, Chinche, and Huile (to the east of Rio 
Cauca, between Quindiu and Guanacas, north lat. 
2** 45' to 4® 10'), is placed on primitive rocks, on 
granite-gneiss, and perhaps even on mica^slate. It 
is a partial formation which is parallel to the por- 
phyries of Popa3ran, and covered by limestone 
with much carbon. This syenite is composed of a 
large quantity of hornblende, and common reddish- 
white feldspar, with very little black mica and 
quartz. Feldspar predominates in the mass ; the 
quartz (which is remarkable in a syenite) is 
translucid, whitish-grey, and constantly crystal'^ 
Used, like the quartz of the porphyries of Europe. 
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5 24. The aggre^tion of the parta is alniost in 
layers, so that the transition syenite of the Cordil- 
leras is not of a texture entirely granolar, like 1^ 
syenite of Plauen, near Dresden ; the texttirft 
{Jiasrige siructur) of this rock approaches, on the 
contrary, to that of gneiss. What removes tiie 
syenite of Nerado de Baraguan from granites with 
hornblende (§ 7.). or from a syenite which we 
might consider as primitive (§ 8.), is its passage to 
trachyte, and its connection with the transition 
greenstone which is superp(»ed on it, between the 
Paramo d'Iraca and the Rio Faez (province of 
Popayan^ Quartz disappears gradually in this 
transition syenite, hornblende becomes more abund- 
ant, and the rock a^umes the porphyroid struc- 
ture. Wethenfindinapetrosiliceou8paste(euritic} 
of a reddish or yellowish-grey colour, very little 
black mica, a great quantity of hornblende and dis- 
seminated slender crystals of feldspar with rather a 
vitreous than pearly lustre, the lamina of which^ 
though not distinct, have longitudinal fissures. It 
is no longer a syenite, but a trachyte, of which the 
numerous masses, variously grouped, rise like for- 
tified castles, on the ridge of the Andes. These 
passages appear to me veiy remarkable, and seem 
to 'confirm the doubts which may be entertained 
on the origin of all primitive granular rocks. It is 
very diflBcult, in equatorial countries, to apply names 
to a great number of mixed formations of feld- 
spar and hornblende, because those formations are 
found j*i3t between the transition syenites and the 



165 

trach)i£s. Sometimes granular, sometimes por- 
phyroid, they resemble either the syenites of the 
group (§ 23.) of Hungary, or the trachytes of 
Drachenfels, near Bonn, and of the great table-land 
of Quito. It being observed that the transition 
porphyries of Fopayan pass also to trachytes, the 
parallelism of formation between the syenites and 
porphyries of the same group (% 21. )i3 confirmed by 
the geognostic relations of two rocks with a third. 
Sometimes (foot of the volcano of Purac6, near 
Santa Barbara,) a traitsition granite, very abundant 
in mica, seems to separate the syenites (in which are 
imbedded quartz and common feldspar with a pearly 
lustre) from real trachytes, of which the past^ t(V 
wards the sunmiit of the mountains (at the height of 
2,200 toises) becomes vitreous, and passes to ob- 
sidian. 

In the whole group of syenites and porphyries 
which I have examined in the Cordilleras of the 
Andes (between Nevado de Tolima and the towns 
of Popayan, Almaguer, and Pasto), the porphyry 
which bears most decidedly the character of a trans* 
ition rock is that which surrounds the basalts <rf 
Tetilla de Julumito (left bank of the Rio Cauca, 
west of Pc^ayan), and which is covered (at Los Se- 
rillos) by a Maekish Umestonct passing from com- 
pact to small-gnuned, traversed by veins of white 
calcareous spar, and contuning so much carbon 
that in some parts it blackens the fingers ; and is 
even found in powder in the clefts of stratifica- 
tMHi. This accumulation of carb<»], which is also 
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observed in anthracitous and aluminous slates, and 
in lydian stone, and kiesel-schiefer, leaves no doubt 
respecting the question, whether the darkish lime- 
stone of Los Serillos (near Julumito), in which I 
could find no trace of organised remains, is a real 
transition limestone. The lydian stone which is 
observed in the transition day-slate of Nailaand Ste- 
ben (mountains of Bareuth) furnishes also this depo- 
sit of carbonaceous powder between the clefts; and 
I employed specimens which do not stain the fin- 
ger to excite the nerves of a frog, by placing them 
in a galvanic circle, conjointly with zinc. The 
black transition limestone (nero antico)^ so cele- 
brated among the ancients by the name of marmor 
LucuUetmif contains also, according to the analysis 
of M. John, f per cent, of oxide of carbon, distri- 
buted as a colouring principle through the whole 
mass of the rock. Porphyry, covered by a highly 
carburetted limestone, greyish-black, fine grained, 
and perhaps destitute of petrifactions, will be 
considered by the geognost who attaches more 
importance to the position than to the com- 
position of formations, as a transition porphyry, 
whatever may be oryctognostic nature of its con- 
stituent parts. Trachjrtes, as we have observed 
above, have hitherto been found covered only by 
other volcanic rocks, tufas, or some very recent 
tertiary formations. The transition porphyry of Po- 
payan, on which black limestone is placed, is rather 
regularly stratified ; it contains little hornblende, 
very little quartz in small crystals imbedded in the 
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mass, and feldspar which passes from common 
to vitreous. I saw no pyroxene there, nor in the 
porphyry of Pisoj6 which forms a magnificent 
colonnade at the western declivity of the volcano 
of Purac^, on the right bank of the Rio Cauca. 
This porphyry of Pisoje is divided into prisms, 
of from five to seven sides, and eighteen feet long, 
which I mistook at a distance for basalt, and which 
are found in Europe in many transition por- 
phyries, even in those of the red sandstone. A per- 
pendicular range o£ these columns is placed on a 
range entirely horizontal. In a greenish-grey paste, 
probably compact feldspar coloured by hornblende, 
there are found a very few crystals of hornblende 
visible to the naked eye, black mica, and a great 
quantity of milky and non-vitreeus feldspar. Quartz 
is wanting in these columnar porphyries, as in al- 
most all the transition and metalliferous porphyries 
of Mexico. The rock of Pisoj^ being considerably 
distant, geographically, from the porphyries of Ju- 
lumito connected with transition limestone, it re- 
mains doubtful whether it does not belong to a 
trachyte formation. With respect to the transi- 
tion porphyries of Julumito, we do not know on 
what formation they repose i since, from Quili- 
chao as far as the ridge of Los Robles, which 
is situated, at the west of Paramo de Palitara and 
the volcano of Parac6, and which divides the 
waters of the South Sea and the Sea of the An- 
tilles, no primitive rocks appear. The Alto of 
Los Robles itself is composed of mica^slate (direc- 
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tioa of the beds N. 60* £. like the micaceous 
gneiss of the Andes of Quindiu } inclin. 50° to 
S.W.). This primitive rock of the Robles is also 
observed near Tunbio, and near the sources of the 
Rio de las Piedras (height 1004 toises) which issue 
from below the trachytes of Parac6 and Sotara. I 
saw clearly that in the ravines between the Rio 
Qoilquas^ and Rio Smita, the pOTphyritic rocks of 
Cerro Broneaso, and those which follow towards 
the south between Los Robles and the Paramillo 
of Almaguer, repose on mica-slate. The great 
blocks of quartz, therefore, that are found scattered 
amidst these porphyry and trachyte fonnationsr 
denote every where the proximity of mica-alate. 

Here an important question, arises, whether the 
rocks of porphyroid structure, at the south of the 
Alto de los Robles, forming the western declivity 
of the volcano of Sotara and tlie Paramos de las 
F^as and Cujurcu (see my map of tlie Rio Grande 
de la Magdalena), are true transition porphyries ? I 
shall state the &cts which 1 observed. The por- 
phyries of Broneaso (north lat. 3* 1?', long. 7£r »', 
deducting this position from the astronomical 
observations which I made at Popaymi and at 
Almaguer) contain many and very large crystals 
of milk-white feltkpar, slender crystals of horn- 
blende that cross each other as the feldspar in the 
porphyry commonly called by tlie antiquarians 
serpentino verde antico or porfido verde (griin- 
porphyr of Werner), and a little translucid crys- 
tallised quartz. The crystals of hornblende and 



feldspar often divide from the same point In the 
interior of the feldspar we find other crystals, very- 
small and black, which I thought were raUier py- 
roxene than hornblende. The central point around 
which the crystallised laminee of leucite (ani[^- 
g^ne) are grouped, is equally, according to M. de 
Buch, a microscopic crystal of pyroxene ; and in the 
pophyritic greenstones of Hungary, M. Beudant 
found garnets among crystals of hornblende. Sin- 
gular crossings and groupings in the crystals (rf* 
common feldspar and of hornblende characterise 
alt the ptM^hyries between the Cairo Broncaso, and 
the valleys of Quilquase and Rio Smita, porphyries 
which are irregularly stratified in non-coniormable 
stratification (beds of from two to three feet; direc- 
tion N. 55" W. ; indin. 40" tfTN.E.) with beds of 
mica-slate. Their paste differs from that of the ' 
porphyries of Julumito j it is of a fine asparagus 
green, of a compact or scaly fracture, sometimes 
veryfragile, presenting a grey streak, and assuming, 
when breathed upon, a very deep colour ; at other 
times it is hard, and resembles jade or phonolite 
(Mingstein, base of porphyr-schiefer), that is, it 
belongs to compact feldspar. I saw on the banks 
of Rio Smita, in those porphyries which pass to 
the poTJido verde of the antiquaries, beds having 
very few disseminated ciystals; they are masses 
of jade (saussurite), asparagus and leek-green, 
nearly similar to that which occurs in the trans- 
ition euphotide ; they are traversed by an infinity 
of Moall veins of quartz. Further south, the green 
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porphyries witli a base of compact feldspar retain 
their disseminated crystals of quartz ; and this cha- 
racter separates them from the porphyry-slate be- 
longing to the trachytic formation, in which quartz 
is a phenomenon of rare occurrence. At the same 
time black mica begins to appear, and a variety of 
pyroxene having a very brilliant surface, the trans- 
verse fracture conchoidal, of an olive-green colour, 
and so light that it might almost be taken for the 
olivine of basalt. This porphyry with black mica 
fills the valleys of the small rivers of San Pedro, 
Gauchicon, and Putes ; it is sometimes concealed 
(vaUey of La Sequia) beneath masses of greenstone, 
in balls from four to six inches in diameter ; and 
finishes by being no longer stratified, but separated, 
exactly like the superposed greenstone, into balls 
which divide by decomposition into concentric 
layers. The balls of porphyry, often extremely 
hard, are of a composition identical with the por- 
phyry in mass. Their nucleus is solid, and con- 
tains neither quartz nor calcedony; they form 
separate strata of six feet in thickness, and are found 
as if imbedded and fixed in the rock, not altered by 
atmospheric or galvanic influences. This structure 
is not an effect of the decomposition, similar to what 
has been thought, of some columnar basalts that sepa^ 
rate into balls. It appears to me rather to be con- 
nected with a primitive arrangement of molecular. 
I believe there is no where to be found a greater 
quantity of rocks having a globular structure than 
in the Cordilleras of the Andes, and principally 
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from Quilichao (between Caloto and Popayan) as 
far as the small town of Almaguer. 

In descending the Cerro Broncaso, and crossing 
successively (in the direction from north to souths 
and in the way from Popayan to Almaguer) the 
valleys of Smita, San Pedro, and Guachicon, we ob- 
serve in the midst of a porphyry not divided into 
balls, and containing more hornblende and more 
olive-green pyroxene than vitreous feldspar, a very 
remarkable geognostic phenomenon. Angular frag- 
ments of gneiss, from three to four inches square, are 
imbedded in the mass. It is a gneiss abounding in 
mica ; a phenomenon which the trachytes of Dra- 
chenfels present, (also Siebengebirge, on the banks 
of the Rhine,) and, in its lower beds, the phonolite 
(porphyr-schiefer) of Biliner Stein,in Bohemia. Not 
far from thence, in the north-east part of the same 
valley of Rio Guachicon (a valley 400 toises in 
depth, where I stopped during a whole day), the 
porphyroid rock has the most complicated struc- 
ture which I have ever seen in transition porphyries, 
or porphyritic trachytes. We may there observe 
at the same time vitreous crystals of feldspar, horn- 
blende, black mica, quartz, and pyroxene the colour 
of which approaches that of olivine. The quartz oc- 
ciu^ only in very small masses, but these are cer- 
tainly not owing to posterior titrations. After having 
passed still further to the south the ridge that sepa- 
rates the Rio Guachicon from the Bio Put^s, the 
five substances disseminated in the mass disappear 
almost entirely; the porphyroid rock becomes 
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homogeneous, extremely hard, and of that fine 
black which Is admired in some very pure lydian 
stones, or in the basis of the pretended poiphytitic 
jasper of Altai, or in some Egyptian statues felsely 
called basalies or basanite*, I doubt its being pech- 
stein ; it is rather a compact feldspar coloured 
black by hornblende or some other substance. The 
fi-acture of this homogeneous paste is smooth or coa> 
choidal, with large flattened cavities ; it is almost en- 
tirely without lustre. I observed only a few very 
long crystals of vitreous feldspar, and hexahedral 
prisms of conchoidal pyroxene (muschligen augit 
of Werner), which have the black colour of mela- 
nite, and resemble in their lustre and fracture the 
pyroxene of Heulenberg, near Schandau in Saxony. 
I have now described successively the porphyries 
of Julumito, which are covered by black cartranate 
of lime ; those of Pisoj^, with common feldspar, 
and divided into prisms ; green porphyry, contmning 
quartz, and frequently macled ciystals of horn- 
blende, from Cerro Broncasc^ and the valley of 
Smita ; the poiphyroid rocks of Rio Guachicon, 
enclosing fragments of gneiss; finally, those of 
Rio Putes, of which the homogeneous and compact 
black mass contains but few disseminated crystals. 
Do all those rocks belcmg to the same formation, 
which presents peculiar characters in the different 
valleys of the Cordillera of Sotara and of Cujurcu ? 
It cannot be doubted that the fragments of gneiss 
imbedded in the rocks around the Rio Guachicon 
characterise real trachytes. They are iu a manner 
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precursors of those trachytes, and that enomious 
mass of pumice which I found, twenty leagues fur- 
ther south, on the banks of the Mayo. But roust 
this denomination of trachyte be extended to aH 
the porphyries that stretch by the Cerro Broncaso, 
towards the mica-slates of the Alto de los Robles, 
and which are partly covered, not by dolerite, 
but by greenstone of a globular structure resem- 
bling the transition greenstone of Germany ? After 
what I stated above on the insensible passage of 
the metalliferous porphyries of Mexico to rodcs 
that contain obsidian and pearlstone, of which the 
volcanic origin is now scarcely contested, I know 
not how to decide on a question of so much import- 
ance. It does not present so much a problem of po- 
sition as a problem which may be called historical, 
because it is the object of geogony, and is intimately 
connected with the ideas which we form on the origin 
of those various rocky deposits that cover the sur- 
face of the globe. When the geognost has examined 
the relations of pontion and composition, he has 
fulfilled his task. It is not yet the time to pro- 
nounce respecting those masses that seem to oscil- 
late between transition porphyries and trachytes, 
caUed exclutdvely volcanic porphyries. What is 
now difficult to unravel will perhaps become 
clear, when equinoxial America, free, civilised, 
and more accesdble to travellers, shi^ be explored 
by many well-informed men; when, from new 
discoveries, it may be conceived that volcanic 
effects, whether slow and progressive, or rapid end 
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tumultuous, may have taken place wherever fis- 
sures have opened communicationB with the in- 
terior of the globe, in which, according to every 
appearance, a very elevated temperature itill pre- 
vails. We have already certain proofi that rocltB 
almost identical with those that belong to the tra* 
chytic formation, or by which they are covered, are 
interposed in real transition. pOTphyries, and in ibe 
porphyries of iJie red sandstmie. Gecgnosts are well 
acqufuoted with the impmtant observations made 
by M. de Buch, near Holmstrandt, in the gulf of 
Christiania in Norway. A porphyry containing, 
besides common feldspar (not vitreoiu), a little 
hornblende and quartz, is found placed between a 
limestone with orthoceratites and a syenite with 
zircons. No one has yet hesitated to consider this 
porphyry as a transition formation ; no one has 
called it trachyte. But in the midst of this por- 
phyry we see, not a vein (dyke), but a bed of basalt 
with pyroxene. " The porphyry of Holmstrandtv" 
says M. de Buch, " becomes basalt by the same paa- 
sages and insensible gradations which we &id so 
commonly in Auvergne. This basalt is very black, 
almost fine-grained, destitute of feldspar, but filled 
with pyroxene. Sometimes it becomes cellular, and 
assumes a red and scorified aspect, at the contact 
with porphyry." It would not be more extra- 
ordinary, perhaps, to discover firagments of gneiss 
enveloped in this cellular and scorified basalt filled 
with pyroxene, than to find them in the basalts 
of Barenstein (near Annaberg in Saxony), or in 
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the trachytes of the valley of Rio Guachicon 
(in South America). What is the origin of this 
balsatic, cellular and pyroxenic bed of Holm- 
strandt ? Has it heen, as well as all porphyry, a 
stream that issued from below as veins ? Does the 
presence of a mass which is supposed to be of igneous 
origin, afford a su£Bcient reason for admitting that the 
whole formation to which this mass belongs should 
be separated from the transition formations, and 
classed among trachytes ? This I doubt ; the incon- 
testablyvolcanic rocks of Rio Guachicon, containing 
fragments of gneiss, are geognostically connected 
with transition porphyries, as these are, on otlier 
points of the globe, geognostically allied to the 
porphyries of the red sandstone. 

I separate provisionally all the poiphyroid rocks 
placed to the south of a ridge composed of mica- 
slate (Alto de los Robles) from those which are 
found at the north-west of that ridge, and which* 
near Julumito, are covered with limestone abound' 
log in carbon. To the latter class, and conse' 
quently to the transition formation (§21.) which 
forms the particular object of this article, I assimi- 
late, perhaps with more confidence, the porphyries of 
Voisaco (Andes de Pasto, north lat 1° 2V) and 
those of Ayavaca (Andes of Peru, south lat 4," 38'). 
The following are the circumstances respecting the 
position of those two rocks. The porphyries and 
trachytes of Popayan, of Cerro Broncaso, Rio Gua- 
chicon, and Rio Putes, are separated from those of 
the province of Pasto by a table-land of primitive 
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. rocks, extending from Almaguer as far as Tablon, at 
the foot ofthe Paramo of Paraguay. The porphyries 
recommence at the aaaih of Tablon; near the Indian 
village of Voisaco they are distniguiahed by a 
polarity which is found sensible even in the 
smallest fragments. These porphyries, it may be 
clearly seen, are placed on mica-slate. A greenish- 
grey mass encloses at the same time two variefiet of 
feldspar, the common, and the vitreoiu ; a pheno. 
menon whicb is often found in the transition por- 
phyries of Mexico (§ 25.). Some adcular crystals of 
pyroxene penetrate between thelaminse of vitreous 
feldspar. A rock placed at the entrance of the 
village presented to M. Bonpland and myself all 
the phenomenon of the magnetic serpentine of 
Bareuth (§ 19- )» which I had discovered in 1796. 

In the northern hemisphere, following the Andes 
of Quito by Loxa to Ayavaca, we see the primitive 
rocks and porphyries appearing alternately, a phe- 
nomenon which we have already mentioned (§§ iS. 
and 6.). Almost every time that the mass of the 
mountain rises, the porphyries appear, and conceal 
from the eye of the traveller the gneiss and mica- 
slate. Those porphyries, which at first present more 
of common than of vitreous feldspar, are succeeded 
by trachytes which usually announce two combined 
phenomena, the vicinity of some volcano still burn- 
ing, and the rsqiidly increasing elevation of the Cor- 
dillera, the summits of which nearly attain or over- 
pass the limit of perpetual snow (2460 toises under 
the equator). I shall add that trachytes cover im- 
15 
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mediately dtber primitive rocks or tnuuition por< 
phyries, and that vitreous feldspar, hornblende, and 
sometimes pyroxene, become more fi«quent in the 
latter, in pn^rtion as they we found nearer to 
volcanic rocks. Such is the type which tlie phe- 
nomena of position present in the equinoxial region 
of Mexico and South America; a type which I 
have particularly adhered to in the geognostic 
profiles which I drew on the spot in 1802 and 
1803. 

The porphyries of Ayavaca form a part of this 
general chain of feldspathic rocks. On the mica- 
schists of Loxa, whereare the finest trees of Je- 
suit's bark hitherto known (Onchona condaminia), 
porphyries are placed tiiat fiU the wh<^e space com- 
prehended between the valleys of Catamayo and 
Cutaco, near Lucarque and Ayavaca (140? toises 
Mgh). These porphyries are found divided into balls 
with concentric layers, and heaps of those balls 
lie (valley of Rio Cataco, height of the bottom of 
this ravine, 756 toises) on a porphyry which con- 
tains common feldspar and hornblende which is 
regularly stratified, imd the mass of which, of great 
densi^, is traversed by an infinity of unall veins of 
carbonate of Ume, as transition clay-slate in Europe 
is trsveraed by v«ns of quartz. The barometrical 
measures which I have taken, assign 4800 feet of 
thickness to those porphyries of Ayavaca, wbiqib I 
do-not consider as trachytes. I do not mention as 
bdonging to the group § 21., the green porphyroid 
rocks destitute of quartz, containingveiy little bora*: 
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Uende^ ind a great deal^of OMiaM»flaiU&-iriu^ 
8i»r» which constitute fhe Aiidw of Asfuajr. Tbef 
are placed oo the pfiipkiYe micaFdatw of FooiaU 
lacta^andl had the of^xvtumtjF of ezaimniiig theiv 
enormoiis thiekness^ £rora lSOOto9(X7^ toisn of 
height above the level of the ocean. They ace ge- 
fterally strat^ed ; but this stratificatioD, ofteo vesy 
reguisff (N. 45^ W.% is observed abo in loany real 
trachytes of ChiuiboaFa^ and the buraing \aokMM 
of Tunguragua. ' In carefiilly examining^ in tjlba 
Cordilleras of the Andes^ the diflfereEit stataa of 
feldspar in transition porphyries aad tcschytes^ I 
observed that rocks decidedly trachytiCi also con- 
tain some that are not vitreous^ but kminar and 
milky. I am inclkied to think that the porphyry of 
Assuay, a group o£ moimtains celebrated fiur the 
passage it affords between Quito and Cuen9a, is of 
trachyte. 

I have discussed the nature of the rocks which iu 
South America constitute the group $ SI., the sye* 
nite of Baraguan* the transition granite of Santa« 
Barbara, the porphyries of Julumito, the green* 
stone, and black and carburetted limestone: it 
remains for me to make some observations on the 
less important members of this group. The salt 
springs which are found surrounded by syenite at 
an immense height near San Miguel, at the east of 
Tuliia, in the Cordillera of Baraguan, perhaps in* 
dicate the geognostic connection of some transition 
gypsum with syenite, or with a black limestooa 
analogous to that of the Serillos of Pwavan. But 
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in those countries height alone do«s not ^ffprd » 
reaspo for exdu^iiig a gypsum fortnatiou fro^i ti^f 
domAtn of secondary fbrnintion^ I saw on the table- 
land of Santa F6 de Bogota, at l-MX) toiscB bigh, th« 
rock sUt of Zipaquira reposing on a limestone whic)^ 
is decidedly ot' secondary formation. It is rathef 
probable that the &rou8 gypsum mixed with dj|jr 
of Ticsan (Pueblo vi^jo, in the kingdom of ^9^*^ 
south lat S° 13'.^ fttuirt^ opposite to the fam^u^ 
mouutatn of sulphur (S& M- a^d 16.> far from evAry 
secondary rock, or priiuitlve mica-slate, is a pcaxttf 
itijon gypsum analogous to that of Bedillsc in f:hg 
Pyrenee«> and tQ (hat of Saint-Micibel near idod^un 
in Savoy. 

T^e greenstones of group ^Sl.whipfii appear tfl 
cover the syenites of Baragu^n, and poiphyijes ai;^ 
tpgous to those of Julumito ^tbound at the pcvt^ 
of Popayan, at the foot oi the Parat^os ijf Zraf;^ 
and Qtaacbe, and* tiaieiiy, m the eastecn vall^ yf 
the basin of Sjfi pauca (Curgto de Quiua Mq|f*r 
and Quil»phao> Bjchgoid-wa^hivgaarec^yrried;^ 
io the latter sp<^ {Mutuig the fra^aents of ^e^- 
stme (diabase of Brongniar^ fi'>0"^ P^ H^)< 
This rock mi qert^ly not ^ .dq^^rite, b^t a tr^qs- 
iticHi gc^nstion^ ^mila' to that whicb is foiji>^ iffr 
terppsed in the cl^y-^itte jiij^egnitted ]»rith ,c^boqi 
of the F^dit^lgebirge (S 22.^ ^^4 "^ f^ j^aica-statp 
of the C«ra<^ ($ }!.)• 74w greeiuto^ of ^^Hffi/^ 
Mm' l>eR<»W? saipetwies i^tf^^^y W^ V9?y 

tb9 (jpfiBbliende wbiatftf jirifloitive f^riWi^on? CtWP' 
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blend-schiefer). It is filled with pyrites, dtin not act 
upon the magiiet, and acqtdres aydlowishooat m the 
air» like basitlt. Near Qi^chao (between the towns 
of Caliand Popayan) it presents large crjratabof 
hornblende disseminated in the mass, and vemtf 

■ 

which are filled with pyrastenes of an olive-gMeft 
colour, not dark. On the spot; I took these jpj-^' 
roxenes for the ktmellar olivine of M. Fireiede-' 
ben. The crystals are not disseminated in th4 
mass, but occur in the fissures^ like the veins of 
dolerite that traverse the greenstone. Tins robk;* 
although destitute of veans^ appears, as wei have 
said above, in flattened ballsy at the south of F6- 
payan and the Alto de los Robles. In the valley ot 
La Sequia (between the Cerro Broncaso and the 
Rio Guachicon) it covers the green pOTphyries of 
Rio Smita. The superposition of the greenstone is 
here more manifest than in the Curato of Quina 
Major, and in the gold-washings of Quilichao. 
The porphyries at the north of the Alto de los 
Robles being partly (Julumito) covered with black' 
transition limestone, and those which we observe at 
the south of Los Robles being ccmnected with the' 
trachytes of Rio Guachicon, this uniform superpo* 
sition of greenstone on both these porphyries is 
a phenomenon of position that merits great atten- 
tion. According to the observations hitherto made 
in both continents, trachytes and basalts are feund 
covered by dolerite (an intimate mixture of fdd- 
^ar and pyroxene), but not by greenstone (an 
intimate mixture oif feldspar and hornblende). 
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Must we not thence conclude that all which is 
below the greenstone in balls of Sequia and QuiU- 
chao is a transition porphyry, and not a trachyte? 
Ought we not, on account of this uniform superpo- 
sition of greenstone, to separate the porphyroid 
rocks of Rio Smita and the Cerro Broncaso from 
the trachytic porphyries of the valley of Guachicon, 
which are more decidedly pyroxenic, that is, from 
those in which fragments of gneiss are imbedded ? 
There is some probability that a rock covered 
by greenstone is rather a transition formation than 
one of trachyte ; but formations of igneous origin 
may be of a very ancient date. Why should not 
masses of trachyte and dolerite be interposed ' in 
tlie newer transition rocks ? 

Further — and I put this question to the learned 
mineralogists who have devoted themselves more 
especially to the study of the oryctognostic charac- 
ters of rocks, — are greenstones always as different 
from dolerites mineralogically (by their composi- 
tion) as they are geognostically, by their position ? 
The substance of crystals that are insulated in a 
paste, and which become visible to the naked eye, 
no doubt exists mixed with other substances in the 
paste itself. As basalts oflen contain at the same 
time (Saxony, Bohemia, Rhunegebirge,) large dis- 
seminated crystals of pyroxene and hornblende (ba- 
saltische hornblende), it cannot be doubted, that 
besides the pyroxene, hornblende also enters into 
the mass of some basalts. Why might not analogous 
mixtures take place in the paste of dolerites and 
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greenstones, of which the oriie (to use the mythologic 
nomenclature eceneraliy received) is beheved to te of 
volcanic, and the other of neptiiniah ongib ? Ine 
pyroxene rock, which, according to M. Chaipentier, 
is found in parallel stratification in the primitive 
limestone of the Pyrenees, contains disseminated 
hornblende. It is asserted, that pyroxenes have been 
observed in greenstones which form true beds amidst 
the granites of ttie Fichtel^birge in Franconia($7-)« 
M. Beudant saw greenstone indubitably pyrokenic 
(consequently dolerite) in the tninsition porpfiynes 
arid syenites of Hungary (Tepla, hear JSchemnitz), 
as well as in the coal-sandstone (secondary) of Funit 
kirchen. The isftratified and globular greenstone in 
the vicinity of Popayan passes neither to mandel- 
stein nor to syenitic porphyry. It is k very mai^ced 
formation, and ^accompanied here, as it is almost 
every where in the Cordillera of the Andes (wftefb 
it occurs at some distance from the chain of active 
volcanos), by enormous masses of clay. These 
masses remind us more of the accumulations of 
clay in tlie basaltic formations of Mittelgebirge in 
Bohemia, than of the clays beloniging to the gypsuih 
of tlie greenstone (uphites of Palassou) in the 
Pyrenees, and the department of the Landed. 
Tnejr render the passage of the Cordilleras, from 
Popayan fo Quito, extremely ditticult during tlie 
rainy season. 

The analogies which we have indit^ated between 
some porpbyries of the group § 21., and the tra- 
chytes, or other volcanic rocks, is found in the 
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Meitican group, ^ 33., and even in Norw^an por- 
phyries of the group § &4. ; but generally (with tfafe 
exception of the porphyries of Caucasus) they are 
Very seldom observed in the porphyries subordinate 
to tran^tion clay-slfte itod grauwucke, 5 ^- ^^ 
may add, that amidst the secondary porphyries of the 
red sandstone, manddstein end other interposed beds 
(Germany, Scodand, Hungary) sometimes assume 
also the aspect of a pyroxenic rock. According to 
these various rdations of position and composition^ 
I think we cantiot, in the present state of our know- 
ledge, deny altogether the ei^istelice of transition 
porphyries in the Cordilleras of South AmericOt 
Wd to consider all the rocks t^f syenite, porphyryt 
'atid greenstone, which I have just described, as tra- 
^ytes. Th^porphyries of the groups § $ 21. aiid26. 
Bte chMtfct^sedin South America and Mexico by 
th'dr ccAistant tendency to a regular stratlficabioa:; 
a tenfdency very i*arely observed in Europe, on at 
^i%at tUcteiit of country, in the groups §§ 22. and 
24. The regularity 6f stratificatidn is, howev^, 
much ^eater in the Mexican tporpfcyries posterior 
to transition tlay-blate, than in the porphyries ♦f 
the Andes 6f Popayan, Pasto, and Peru, ^hich re- 
pose immediately on primitive rocks. I did not 
observe in this latter formation (§ 21;) one subordi- 
nate bed of ^enite, ^eentrtone, limestone, arid 
mandelstdn, as wte^^nd in the ^oups § § 22. and 28. 
I saw transition porphyries in New Spmn, between 
Adipidco and Tehuilotepec, which were not ^me- 
t^li^rOus, resting immdcUatelydupdmitive^iran^ 

N 4 
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(Alto de losCaxoiiesAciguiBotla, and several poiBto 
between Sopilote and Sumpango) ; but, as &rther 
norths (near Guanaxuato^) nietalliferous porphyries 
of a similar composition cover transition day-slat^ 
it remains uncertain, notwithstanding the difference 
of position, if both do not belong to the same form- 
ation, and to a more recent formation than the 
group § 21. A term i of the geognostic series 
may immediately follow /S, where y is not developed. 
Thus Jura limestone, near Lauflfenberg, reposes im- 
mediately on gneiss, because the intermediary terms 
of the series of formations, the rocks situated in 
other places (for instance, in the valley of Necker) 
between Jura limestone and primitive formations, 
are suppressed. In the British Islands, according 
to the observations of the learned professor Buck- 
land, and those of MM. de Buch and Bou^, the 
formation of syenite, greenstone, and transition 
porphyry, (Ben Nevis, Grampians,) reposes also 
immediately on primitive rocks (mica-slate and 
. urthon-schief er). It appears, consequentiy, to be- 
long to the first group of poi-phyries, of which 
I have just traced the history (§ 21.). The por- 
phyries of the north of England and those of 
Scotiand are sometimes covered by grauwacke 
and sometimes by the coal formation ; they have a 
. ieldspathic base, and are often found destitute of 
quartz like the porphyries of equinoxial America. 
Garnets have been observed in them ; this phe- 
. nomenon is found in the transition porphyries of 
Zimapan (Mexico), and in those that crown the 
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famous mountain of Potosi, and which probably 
belong also to the group. 

§ 23. If the mandelstein of Hefeld makes a part, 
as M. de Raumer believes, of the red sandstone 
formation, the gametiferous porphyries of Nitzberg 
(in the Hartz) are probably of secondary formation. 
In Hungary, garnets occur both in porphyries or 
porphyritic greenstone of the group §23., and in the 
conglomerates of the trachytic formation. It thence 
results, that the garnets penetrate from the primi- 
tive rocks (gneiss, whitestone, serpentine), through 
transition porphyries, as far as into the trachytes 
and volcanic basalts, and that in the zones the 
most distant from each other, certain porphyries 
present numerous relations with trachytes. I am 
not informed whether the titaniferous syenite of 
Keilendorf, in Silesia, which reposes immediately 
upon gneiss, and passes to a transition granite with 
small grains destitute of hornblende, belongs to the 
ancient formation of group § 21., or is a fragment of 
the formation § 23. placed accidentally on primitive 
rocks. Nothing is more difficult than to ascertain, 
with certainty, if there has been a suppression of 
some intermediary members of the series of rocks, 
or if the immediate contact which is observed, is 
that which would be found every where on the 
globe, in comparing the relative age or position of 
the same formations. 
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III. TRANSITION CLATrltfLATE C*INTAINnrO 6RAU- 
WACKEy GREENSTONE, BLACK LIMESTONE, StlS- 
NITE, AND PORPHYRY. 

S 22. This is the gtnit formatidn of clay^fe 
that crosses the western I^renees, the Alps 6£ 
Switzerland between Hartz and GlaEris, and thb 
north of Geiinany from the Hartz fts ikr as t6 
3^elgium and Ardennes, and in which grafuwtfcii^e 
aiid lijhestohe predominate } it b th'e'cby-slaite ah^ 
iransitioh gneiss of the C3attentio, Brittatiy, and 
Caucasus ; it includes the Schistose rocks in Nor- 
way placed below the porphyries and zircon-sye- 
mtes, that is, between porphyries and primitive 
rocks ; it is the green clBiy^Akte >Mdth black lime- 
stone, serpehtirie, and gfeenstdne of Malpasso, in 
tlie CordUlei^a of Venezuela, arid the clay-slate 
with syenites 6f Guanaxuato, at Mexico. We 
have already stated the position of these rocks in 
the diflerent countries which we have just named ; 
we miist how consider them as a whole, krfd 
Separate the Results of geognosy from those ideas 
which are purely local, and which mineralogical 
gciography presehts. The group § 22. reposes, 
like the two 'preceding groups, immediately on 
the primitive rocks ; it is distinguished from the 
former (§ 20.) by the almost total absence of stea- 
titic granular limestoYie; from the second (§ 21.) 
by the frequency of clay-slate and grauwackes. 
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The fblldWing forfli&tions, cicely conriddted to^ 
gether, belong tb ihls grotip ($ 99.), winch is cMe 
of the best known, and moh anciently rtndi^:^ 

Ota/slate, with beds of cdmpiict quartz, grto* 
wacke, black limestone, lydisb stone, carburetted 
ampelite, porphyry, greenstone, stinalt-grairied ^ril^ 
hite, syenitie, and serpentirie. 

Graiiwacke abd quartzose sandstone. 

Black IBheit'one. 

These rbclts are either in^uftlted, or aKernite 
With each orfier; ck forni sub<»rd{riate %edli. 1 
tiive iirle^ il^ctilsted tfafe ch^ctera thitt tisiUdly 
^tid^i^ ^rittiitive from ti^sitibn cUy^slMej 
i observed ^hat chaifactbfrt dnhHrh fmin Aetdim- 
rJJo^cal coidpontioh ofnSBks ImVeiWtth'ealndua 
Valtie wiiicfi has soib^tiHies beien asAi^eU to thgriH 
iiiiil that t6 employ them ^ich iiicceA ire mttsi 
have re'codirse at the 'same titaie to the geognctttte 
situation, the interposition, or absence of fti^ 
iheiitA^beds (conglomerates, j^uwackles), and the 
r^aiiis of otginiised bodies, which lare tobUly 
Wanting \n prithitive forn'iatlohs, and which Wi 
be^h to And Ih tnulsition fbr^tions. Tile clay- 
sTate& of the tatter ibnnatimi ^e distli^;m«hc^ I^ 
their vdriaNetuss, their t^biltinual tendency to 
change their composition alfid aspect; by 'Utt 
number of inteTp<Med Bedb ; ^ylrequent pasiMgesi 
sometimes i^ptd, son'ietin^ st6V ind inseni^ev 
to ampelite, sific^ous sdiifrti, g^reeni^ohe, or to potV' 
phyrbid an^ s^renSdc Ixodes. No i^otjfbt tStese 
cYiatj^s aild '^<^ of ttltei^ia Aevdb^MMdt '•!« 
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ako remarked in some primitive rocks* M« de Char-* 
pentier observes^ that the gneifls-granites of the Py- 
renees, which contain ahnoat always a little horn- 
blende disseminated in the mass, without becoming 
syenites, and which are believed to be primitive 
without being more ancient, presents a great num- 
ber of foreign beds, for instance, beds of micarshte, 
greenstone and granular limestone. In the same 
chain of mountains, primitive micarslate con- 
tains disseminated chiastolite, a substance in ge- 
neral more common in transition day-slate. The 
Alps of Switzerland, and principally the passage of 
Spiugen, so well described by M. de Buch, fur- 
nishes a mica-slate of primitive formation, which 
passes insensibly to a porphyry, of which the paste 
is compact feldspar and contains crystals of lamel- 
lar feldspar and quartz. In general, however, these 
changes are less frequent among primitive than 
transition formations. 

However close may be the connection which we 
observe between rocks that constitute the same 
group, or between the different groups of the whole 
intermediary formation, we see notwithstanding, 
on different points of the globe, a certain degree 
of independence, not only between the six groups 
or terms of the series of transition rocks, (for in- 
stance, between clay-slates and grauwacke, por- 
phyries, and syenites,) but also between the partial 
members of each group or association of inter- 
mediary rocks. It thence results, that to under- 
stand well those circumstances which characterise 
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the geological constitution of a country, we must 
study these rdations separately (for instance, those 
of the grauwacke, clay<slate, and limestone, con- 
tained in the group § Si., and determine for the 
diiferent formations or partial members of the 
same association, their degrees of dependence or 
independence of each other. We see them either 
alternating periodically, or enveloping or reduc- 
ing each other (by an unequal increase of bulk) to 
the state of simple subordinate beds, or finally 
covering each other mutually, like primitive rocks 
of diiferent formations. 

It happens in fact, that the partial terms of the 
same group, o, |3, y, sometimes succeed each other 
with a certain reg^arity in a periodical series, 
», fi, y, St, fi, y, a. At Other times > takes so great a 
development, that j3 and y are found included like 
simple beds ; again, at other times, a, |3, y, are 
merely superposed, the one on the other, without a 
periodical return. The latter case does not exclude 
the possibility that |3, before it succeeds to a, may 
appear at first like a subordinate bed. There hap- 
pens in one group all that we remark in the non- 
complex terms of the series of primitive formations. 
It may be said, as we observed above, that a form- 
ation of black limestone, which constitutes great 
masses a€ mountains, and is superposed on masses 
equally considerable of transition clay-slate, indi- 
cates, by interposed beds of black limestone, the 
approach to clay-slate. When ^ andy form included 
beds in a, those beds may be so frequently repeated, 



that on a great ext&til of space they may assume 
the i^pect of alterQatiqg isQck& Thus iiitermer 
di#fy day-slate, which at first enveloped grau- 
wacke and black limestone aqd then alternated 
with them, (defile of* Aston in the Pyr/enees, Mf^^KW 
in Saxony,) finishes by covering and vlth a great iQ*- 
crease of mass, these alteriiating rocks, or jfre^pieotly 
interposed beds. The regularity of the type in the 
partial formations of every group, is like the dicec* 
tion of strata on the angle made by thosp strata 
with the meridian, ^veiy thing appears at first 
sight confused and contradictory ; but when all ^ 
examined with care, on ia great extent of country, 
we constantly end by recognising certain laws of 
positipn or stratification. If the type which we 
di^Qver in the suite of partial formations appears 
to vary according to localities, it is because the de« 
velopment of those small formations has not been 
every where the saqe. Sometimes (Caucasus) po;*- 
phyry^ limestone, syenite, and transiticm granite 
are found developed at the same time in transition 
clay-slate ; at other times it contains neither por- 
phyry (Cotentin^ Alps of Switzerland) nor grau- 
wacke (chain on the shore of Venezuela), nor 
transition grwite aiid syenite (Pyrenees). The 
association of transijdon play-slate and compact 
black limestone is almost as constant as that of 
white granular limestone with micarsl^ in the 
primitive series. We find, however, transition lime- 
tli^fmf which being ftsspciiyted neither to c]lfly,-^atf^ 
or grauwacke, appears to replace clay-slate geo- 
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goosttcally y but I know not a single point on the 
two continents^ where transition clay^aUtQ ha9 heeii 
seen on a space at all considerable, without hewg 
accompanied by limestone. 

We have just seen that in some parts of the globe 
(Caucasus and the peninsula of the Cotent^l) in** 
ter mediary clay-slate contains either porphyriesi^ or 
syenites and granites ;. in otheir parts (Norwuy aud 
Saxony, between Friedriehswalder Maxen and 
Dohna) these three rocks, after having appear^ 
aa subordinate beds to clay-slate, are found placed 
over it, either insulately and forming considerably 
masses, or alternating together* It is only in 
these cases of separation or alternation, th^t aa 
independent formation of porphyry (Mexico), or 
an independent Jbrmation (f pofrphyry and syetUte 
(Norway), seem to cover the formatioa of inter- 
mediary day-slate. The same separation (if not 
the same iodepi^ndeace) is sometimes observed in 
transition limestone ; and, although in a less strikr 
Ing degree, in the grauwackes. 

Syenite and granite are connected in the trans- 
ition series rather with porphyries than with micar 
slate or gneias ; we find, ia the same serie9, syemte 
without granite -^ but it ia much more rare to find 
syenite and granite without porphyry. When the 
partial members of a group, a, /3, y, alternate in 
periodical succe8sion9 and consequently are pot 
interstratified the we with the other tike subprdi*^ 
mate beds, uQr superposed Uke diatwpt focks or 
fi>rmations, it is difficult to det«rmiae if iS and % v^ 
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a more recent formation than « ; even, however, in 
the case of what is called contemporaiy origin, we 
recognise, by an attentive examination, certain -pre- 
ponderajtces of foimation. Grauwacke and transi- 
tion clay-slate are in general more andent than 
black limestone ; or, to support my opinion by a 
very just observation of M. de Charpentier, •* it is 
generally observed that notwithstanding the alter- 
nation in that part of the intermediary formation 
which is nearest to the primitive formation, it is 
grauwacke and clay-slate that predominate in great 
masses, and to which limestone is subordinate ; 
while, on the contrary, in the newest part of the 
transition formation, limestone is the preponderat- 
ing rock, and clay>slate is only found subordinate 
to limestone in beds more or less thick." 

After having stated the relations of age and po- 
sition of rocks which constitute the same group, 
we shall now more particularly characterise each 
of the partial formations. 

Clay-slaie, blackish-blue, and carburetted, or 
greenish, unctuous, and of a silky lustre, sometimes 
earthy, and in very thick layers, sometimes in very 
thin laminae. In the very ancient beds that pass 
to transition mica-slate it is undulated, and pre- 
sents only large scales of mica strongly adherent 
In newer beds, near the contact with grauwacke, 
it contains very small insulated scales of mica, and 
frequentiy also chiastolite, epidote, and veins of 
quartz. Transition clay-slate, characterised by its 
extreme variableneu, that is, by its continual 
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tendency to change its composition and aspect, 
contains a great number of beds, some of which, 
by their frequent repetition, appe^ to form with it 
alternating rocks. The most usual effects of this 
internal development are the interposed beds of 
graimacke and grauwacke-slate ; of limestone ge- 
nerally black and compact, or dark grey, some- 
tiraes reddish (BraunsdorOt ^^^ ^ven granular 
and white (Miltitzin Saxony), as in the group 
§20.; of greenslone^orpkyrtf (Caucasus, Saxony, 
near Friedrickswalde and Seidwitzgrund ) ; of 
ahmt'Slate, or ampelite highly carburetted; of rom- 
pact quartz (quartzite, quartzfels of Hausmann), 
sometimes with small crystals of feldspar (Ke- 
mielf in Finland) ; fydian stone and siliceous schist. ' 
These two latter siUceous substances are found 
in the formations of clay-slate, grauwacke, lime- 
stone, and in the form of jasper in porphyry ; 
they prove by their presence the geognostic aflSnity 
that exists between these various transition rocks. 
Clay-slate (§ 22.) contains less usually subordi- 
nate beds of gneiss (Lokwitzgrund and Neutanne- 
berg); mca-slate and grtmke (Krotte in Saxony), 
Furatenstein in Silesia, Honfleur in Normandy, 
Montherme in the Ardennes; granite and syenite 
(Caucasus, Cotentin, Calixelf in Norway) ; gra- 
phic schistose cl^ (schwarze kreide ; valley of Cas- 
tillon in the Pyrenees, Lndwigstadt in Franconia) ; 
whet-slate (wetz-schiefer) ; serpentine (Bochetta, - 
near Genoa, Lovezara and twt) other points &r- 
ther north, towards Voltaggio; see §19.); com- 
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■pact feldspar (valley of Arran, in the Pyreneest 
PouUaouen in Bretagne), sometimes pure, dark 
greenish-grey or olive-green, sometimes (Pyrenees, 
Hartz, and the eastern part of Upper Egypt) mixed 
with disseminated crystals of lamellar feldspar, 
hornblende, schorl, and quartz. When compact 
feldspar is simply mixed with hornblende it fiirms 
the grunsteinscki^fer of Werner, which alternates 
with transition clay-date (Allenborg in Sweden)* 
and is found in primitive formations. At^ough, 
as I endeavoured to prove in my Memoir on the 
^Kvim; and aiSd; 'H^wcxho, published in 1790, tlie 
major part of the basalts of the ancients belong to 
syenitic transition rocks, or to beds of greenstone 
contained in primitive rocks, yet the examination of 
the Egyptian statues, preserved at Rome, Naples, 
London, and Paris, gave rise in my mind to the 
idea that many of the black and green basalts of 
our antiquaries are only masses of compact feld- 
spar, &om intermediary formations, and coloured 
either black or green by hornblende, chlorite, car- 
bon, or metallic oxids. Nothing but a chemical 
analysis of these ancient umnixed masses could 
solve this question of mineralogical archaiology. 
M. Beudant saw in the transition formation of 
Hungary, porphyroid greenstone passing into a 
green or black paste of homogeneous ^pearance. 
This paste was only compact feldspar coloured by 
hornblende. 

We have already observed above, that transition 
clay-slate forms far greater masses in the globe than 
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primitive clay-slate. The latter is generally subor- 
dinate to mica-slate ; as an independent formation, 
it is as rare in the Pyrenees and the Alps, as in the 
Cordilleras. In South America, between the pa- 
rallels of 10° north, and 7° south, I saw transition 
clay-slate only on the southern declivity of tbe lit- 
toral chain of Venezuela, at the entrance of the 
Llanos of Calaboza. The basin of the Llanos, the 
bottom of an ancient lake covered with secondary 
formations (red sandstone, zechsteln, and clay- 
gypsum), is bounded by a band of intermediaiy for- 
mation of clay-slate, black limestone, and euphotide, 
connected with transition greenstone. Gneiss and 
mica-slate, between the valleys of Avague and the 
Villa de Ceura, constitute only one formation on 
which clay-slate reposes in conformable position, in 
the ravines of Malpasso and Fiedras azules (direc- 
tion N. 52° E. i inclin. 70" towards the N.W.), of 
which the lower beds are green, steatitic, and mixed 
with hornblende, and the upper are of a greyish- 
green, and darki^-blue colour. This clay-slate 
contains (like that of Steben, in Franconia, the 
duchy of Nassau, and of Peschels-Miihle in 
Saxony) beds of greenstone, sometimes massive, 
at other times oTa globular structure. 

The famous von of Guanaxuato in New Spain, 
which, from I786 to 1803, has produced yearly, on 
aa average, 556,000 marks of silver, also traverses 
tiunsition clay-slate. This rock, in its lower strata, 
passei^ in the mine <^ Valenciana (at the hei^t of 
992 tais^ above the level of the MR,) to a takxM 
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slate ; and I described it in my Political Esu^, as 
placed on the limit of the piimidve and interme- 
diary formations. A more particular examination 
of the relations of position which I noted on the 
spot, and the comparisfm of , the beds of syenite and 
serpentine which have been pierced in digging the 
general tiro, with the beds that are interposed in 
the transition formations of Saxony, of the Bochetta 
(^ Genoa, and of the Cotentin, convinced me that 
the clay-slate of Guanaxuato belongs to the most 
ancient intermediary formations. We do not know 
whether its stratification be paralkl and conformable 
witti tliat of the granite-gneiss of Zacatecas, and of 
Penon bianco, which probably supports it, the con- 
tact of these formations not having been observed ; 
but almost all the porphyry-rocks on the great 
table-land of Mexico follow the general direction of 
the chain of mountains. (N. 40°, 50° W.) This per- 
Ject concordance (Gleichfurmigbeit der Lagerung) 
has been observed between the primitive gneiss 
and the transition clay-slate of Saxony (Friedrick- 
swalde j valleys of Miiglitz, Seidewitz, and Lock- 
witz) i it proves that tlie formation of the interme- 
diary series immediately succeeded that of the last 
beds of the primitive series. In the Pyrenees, as 
M. de Charpentier has observed, the former of 
these series is found in a different position (not pa-* 
rallel), sometimes in transgressive position (Ibergrei- 
fende Lagerung) with the latter, I shall observe, 
on this occasion, that the parallelism between the 
;tion of two consecutive Jbrmations, or the . 
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absence of this parallelism does not alone decide 
the question whether the two formations are imited 
or not in the same primitive or secondary series^ 
it is rather the sum of these geognostic relations 
that solves that problem. The clay-alate of Guiu 
naxuato is very regularly stratiiied ■(direct. N. 46" 
W. i indin. 45"" S.W.), and the form of the valleys 
has no influence on the directi<m or inclination of 
the strata. We distinguish there three varieties, 
which may be considered as three epochas of form* 
ation ; a clay-slate of a silvery lustre, and steatitic, 
passing to a talc-slate (talk-schiefer) ; a greenish 
clay-slate, with a silky lustre, resembling chlorite 
slate ; finally, a black clay>slate, in very thin lamina^ 
surcharged with carbon, staining the figures like 
ampelite and the marly slate of zechstein, but not 
effervescing with acids. I have named these varie- 
ties in the order in which I observed them from 
below upwards, in the mine of Valenciana, which 
is S63 toises in perpendicular depth ; but in the 
mines of Mellado, Animas, and Rayas, the surcar- 
buretted clay-slate (^kqja de libra) occurs beneath 
the green and steatitic variety ; and it is probable, 
that the strata which pass to talc-slate, chlorite, 
and ampelite, alternate several times with each 
other. 

llie thickness of this formation of transition 
day-slate, which I found at the mountain of Santa- 
Rosa near Los Joares, where the Indians collect 
ice in ^all artitidal basing is more than 3000 
feet It contains in subordinate beds, not only 
o 3 
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syenite (like the tnuuilioa clay-slate of the Coten- 
tin)t but alsc^ which is veiy remarkable, serpentine^ 
and a homblende-slate that is not greenstone. In 
digging in the massive rock, the tiro general de 
Valenckmot which has cost nearly seven millions of 
francs, the following stirata were found, reck(Hiing 
downwards for ninety-four toises of depth : an an- 
cient conglomerate, representing the red sandstone; 
black transition clay-slate, strongly carburetted, in 
very thin laminse j clay-slate, bluish-grey, and con- 
taining magnesia; homblende-slate, greenish-black, 
a httle mixed with quartz and pyrites, destitute of 
feldspar, not passing to greenstone, and altogetlier 
similar to the homblende-slate (homblend-schiefer) 
which forms beds in primitive gneiss and mica-slate 
(SS ^' ^^^ l^-)> gi^en serpentine of uneven frac- 
ture and fine griun, dull, but translucent on the 
edges, containing much pyrites, destitute of gar- 
nets and diallage metalloid (schillerspath), mixed 
with talc and steatite; homblende-slate; syenite, 
or a granular mixture of much darkish-green horn- 
blende, yellowish quartz, and a little lamellar and 
white feldspar. This syenite splits into very thin 
layers ; the quartz and feldspar are so irr^ularly 
spread, that they sometimes form small veins in a 
paste of hornblende. The syenite is the largest of 
these eight interposed beds, of which the direction 
and inclination are exactly parallel to that of the 
whole rock; it is more than 30 toises thick; and, 
as I saw in the deepest working of the mine (planes 
of San Bemado), at I72 toises below the bed of sye- 
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nite, carburetted clay-sIate occurring again, identical 
with that in which new shaib are beginning to be 
sunk, no doubt can remain that hornblende-slate al- 
ternating twice with serpentine, and serpentine alter- 
nating probably with syenite, form beds subordinate 
to the great mass of day-slate of Guanaxuato. The 
connection which we have just remarked between 
hornblende-rocks and serpentine, is found in other 
parts of the globe, in formations of euphotide of 
different ages } for instance, at Heidelberg near Zell 
in Franconia (§ 19); at Keilwig in the northern 
extremity of Norway; at Portsoy in Scotland, and 
and at the island (^ Cuba, between Regla and 
Guanavacoa. 

I saw noremuns of organised bodies, nor beds of 
porphyry, grauwacke, nor lydian stone, in the trans- 
ition clay-slate of Guanaxuato, which is the rock 
richest in silver that has hitherto been tbund ; but 
this clay-slate is covered in conformable position in 
some places by transition porphyries very regu- 
larly stratified (los Alamos de la Sierra) ; in some 
by greenstone and syenites alternating thousands of 
times together (between Esperanca and Coman- 
giUas) and in others either by a calcareous c(m- 
glomerate or by transition limestone of a bluish- 
grey colour, mixed with clay, and fine-grained 
(ravine of Acabuca), or by red sandstone (Marfil). 
These relations of the clay-slate of Guanaxuato, with 
die rocks which it supports, and some of which (the 
syenites) appear first as subordinate beds, suffice to 
]dsce it among the transition formations ; above 
o 4 



aU* they justify this result in the <^niiion of those 
geognost3 who are acquunted with the observ- 
ations which have been recently published on the 
intennediary formations of Europe. \^th respect 
to lydian stone, there can be no doubt that it is 
contained on some pcunts not yet explored, in the 
clay-slate of Guanaxuato ; for I found the former 
substance frequently imbedded in large fragments 
in the ancient conglomerate (red sandstone) which 
covers the clay-slate between Valeaciana, Marfil, 
and Cuevas. Ten leagues to the south of Cuevas, 
between Queretaro and la Cuesta de la Noria, in the 
middle of a Mexican table-land, a transition day- 
slate appears beneath the porphyry, darkish-grey, 
and passing both to siliceous slate (schistoid jasper 
kiesel-schiefer) and lydian stone. Miuiy frag- 
ments of this latter substance are found near the 
Noria, scattered in the fields. The rocks with ar- 
gentiferous veins of Zacatecas, and a small part of 
the veim of Catorce, according to the report of 
two well informed mineralogists, MM. Sonne- 
schmidt and Valencia, aIso traverse transition clay- 
slate, which contiuns true beds of lydian stone, 
and which appears to rest on syenites. This super, 
position would prove, according to what has been 
observed of the tiro general of V^encianOt that 
the clay<&lates of Mexico constitute (as at Caucasus 
and in the Cotentin) the same formation with the 
transition syenites and euphotides, and that per- 
haps they alternate with the latter rocks. 
Grauwac&e. This barbarous name, employed by 



German and English geognosts, has been pre- 
served^ like that of thonschieier (clay-slate), to 
avoid that coniusion of names, so prejudicial to 
the study of formations. It designates, when taken 
in a more general sense, every con^omerate, sand^ 
ston^ puddiog-stoDe, fragmentary or arenaceous 
rock of transition formation, that is anterior to 
the red sandstone and coal formation. The oU 
red sandstone of Herefordshire (of Mr. Buckland), 
placed beneath the mountain-limestone (trans- 
ition limestone of Derbyshire), is a sandstone of 
the intermediary series, as that excellent geo- 
gnost has himself indicated in his memoir on 
the structure of the Alps. The netr red coru- 
giomerate of Exeter is the red sandstone of the 
French mineralogists, or todte Uegende of the Ger- 
mans } it is the first sandstone of the secondary 
series, that is, the sandstone of the coal formation, 
which is closely connected with the secondary por- - 
phyry, which is called on that account, tiie porphyry 
or the red sandstone. When the word grmeoBacke 
(tromate of M. d'Aubuisson, ancient psammite, and 
quartzose mimophyre of M. Brongniart) is used in a 
more confined sense, it is applied to the arenaceous 
transition rocks, which contain only small fragments 
of simple substances, more or less rounded, for in- 
stance, of quartz, of lydian itone, of feldspar, and 
of clay-slate, but not fragments of composed rocks. 
The grauwackes are then . excluded, and we give 
the name of breccias or conglomerates, ivitk 
lar^e primitive Jragments. (§ SO.^ to the various 
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aggiutinations of pieces erf* granite^ gneiss, and vye^ 
tiite ; calcareous pudding-stones are also separated^ 
in which rounded firagments of carbonate of lime 
are cemented by a paste of the same nature. All 
those distinctions (if we except some calcareous 
breccias, in which the contained and the containing 
matter may very probably be sometimes of con* 
temporary origin) are of no great importance to the 
study of formations. Coarse grauwacke (grosskor* 
nige grauwacke) passes by degrees to a conglo* 
merate with large fragments; it alternates in the 
same country, not only with beds of fine-grained 
grauwacke but also with others the paste of which 
is almost homogeneous. The pudding-stones and 
breccias with large fragments of primitive and com- 
posed rocks (urfels-conglomerate of Valorsine in 
Savoy, and of Salvan in the Bas Valais), are true 
grauwackes; they are the most ancient beds of 
this formation, in which firagments with distinct 
outlines are not blended into the mass, and of which 
the slaty cement, with curved and undulated la* 
mines, resembles mica-slate, while the cement of 
the more recent grauwackes of the Hartz, the 
duchy of Nassau, and Mexico, resembles day-slate. 
In general, the conglomerates, or grauwackes of 
the group $ 20. present fragments of pre-existing 
rocks of a much more considerable and unequal 
bulk than the grauwackes of the group § 23. 

When we compare these with transition lime- 
stone, we find them most firequently of anterior 
origin ; they sometimes even replace transition 
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clay-slate. The priority of grauvacke to the lime- 
stone is evident in tbe Pyrenees, and in Hungary. 
It spears that in the latter countiy transiticHi 
clay-slate has not assumed a great development ; 
since, far irom being there an independent form- 
atidn containing grauwacke^ it is, on the con- 
trary, grauwacke-slate (grauwacken-schiefer) with 
agglutinated scales of mica, which here assumes 
all the characters of a real transition slate. In 
En^and also, the great insulated mass of mmm- 
tairuUmestone (counties of Derby, Gloucester, 
and Somerset) is of a later date than the great 
mass of grauwacke that alternates with lime- 
stone strata ; but when we examine in detail the 
points where the difierent members of the group 
S iS, have asumed an extraordinary development; 
we recognise two great limestone formations (the 
transition limestone of Lon^ope, and. the moun- 
tain-limestone of Derb3rshire and of South AVales) 
alternating with two formations of grauwacke 
(grauwacke of May<Hill, and the old red sandstone 
of Mitehel-Dean in Herefordshire). This order 
of position, this bisection of calcareous and are- 
naceous masses, is found repeated in several parts 
of the globe. M. Beudant has recognised, in Hun- 
gary* the old red sandstone of England in the quarts^ 
ose transition limestone of Neusold, which lies 
upon coarse-grained grauwacke, after having been 
interposed in it ; he thinks he recognises the moun- 
tain-limestone, placed between the old red sand- 
stone, and the coal formation of En^andi in tbe 



lintermediary limestone of the group of Tetra. If 
Ithe Oldenhorn and the Diahlerets belong, which 
lis very probahle, to the transition series, there 
8 also in Switzerland, above and below the grau- 
Iwacke of the Dent de Chamossaire, two great 
■formations of black limestone, which M. de Buch 
I has long since distinguished by the names c€ 
I first and second transition limestone. In Norway 
I (Christianifiord), the grauwacke is certainly newer 
I than the intermediary clay-slate, and the orthoce- 
I rati te- limestone. 

In the centre of Europe, very fine-grained graa> 
I wacke sometimes contains fragments of crystals 
I of lamellar feldspar, which give it a porphyroid as- 
(Pont Pelessier, near Seroox ; Elm, in the 
age of Splugen, Nevsohl, in Hungarj) ; but 
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formation iiirnishes beds of .gametifoxtus por* 
phyry. 

Transition Umestone, This rock commences, 
either by forming beds in grauwacke and interme-> 
diary clay-slate, or by alternating with them ; the 
clay-slate and grauwacke-slate afterwards disappear, 
and the superposed limestone becomes a simple 
Jbrmationf which we should be tempted to call in- 
dependent, although it still belongs to the group 
§ S3. When there is an alternation of schist and 
limestone, that alternation takes place either by 
thick beds (summit of the Bochetta near Genoa, 
and the road between Nov! and Gavi) as in the 
composed Jbrmaiions of granite and gneiss, grau- 
wacke and grauwacke-slate^ syenite and greenstone, 
clay-slate and peiphyry ; or, the alternation extends 
to the thinnest layers of the rocks (calschistes), 
so that every layer of schist is cemented to one of 
limestone (valleys of Campua and Oneil, in the 
I^renees, and mountains of Fonik in Hungary). 

In the same manner as we find in the Pyrenees, 
interposed in granite-gneiss and in primitive mica- 
slate, beds of limestone, which, from their as- 
pect only, might be considered as intermediary, 
viz. greyish-black limestone (Col de la Trsppe) 
coloured by gnq>lute which is tiie roost ancient of 
the carbonaceous substances, ietid limestone giving 
the smell of sulphuretted hydrogen, and compact 
limestone filled with chiastolite ; so do the trans- 
ition formations also of the group $ fH. exhibit, 
some examples of white and .granular iimeMMMl^ 
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(Miltitz in Saxony, valleys of Ossan and Soubic 
in the Pyrenees), In general, however, if we 
except the group § ^. (that of which the Ta^ 
rentaise affords the type), the limestones of inter- 
mediary formation are either compact, or pass to 
fine-grained granular limestone. Their colours are 
darker (raven-grey^ dark-grey,) than those of 
primitive limestones. The greatest number of the 
iine varieties of red, green, and yellow marble)* 
(valley of Luchon in the Pyrenees,) celebrated 
among antiquaries by the names oi jSJricanJkmered 
marbkf black of LucuttuSy antique yelkM and red^ 
paoonazzo and gilded breccia^ appear to me to belong 
to the limestones and calcareous conglomerates of 
transition. We have seen above, that the chiasto- 
lite of transition clay-slate appears as an exception 
in primitive clay-slate ^ in a similar manner, tre- 
molite, so common in dolerite and primitive white 
limestone, occurs (between Giellebeck and Doa^ 
mea in Norway) in black transition limestone. 
Some mineral species, no doubt, belong more to 
one particular age than to any other ; but their re- 
lations with the formations are not sufficiently ex- 
clusive to fiirm diagnostic characters in a science in 
wbicb the position only ought decide positively. 
Local drcumstances have often a singular influence 
on the connection between mineral species and 
formations. In the Pyrenees, and chiefl^y in South 
America, disseminated garnets are peculiar to 
gneiss, whilst every where else they seem rather to 
belong to mica-slate. 
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Transition limestones, where they form great in- 
sulated masses, abound in silica, and scHnetimes 
(chain of the Pyrenees) this silica is found united 
in ciystals of quartz; sometimes (chain of the 
Alps) it is mixed with the whole mass like a very 
fine sand. In the former of these chains, the in- 
termediary limestone contains, like primitive lime- 
stone, beds of greenstone (valley of Saleix^ and 
even compact feldspar, two rocks that are ge- 
nerally more common in intermediary clay-slate ; 
beds of greenstone aire also found, according to 
M. Mohst, in the transition limestcme of Styria ; 
and the mandelstein of the mountain-limestone of 
Derbyshire, (b^iween Sheffield and Castelt(M>)h. 
belong to a system of subordinate beds geognosti- 
cally analt^us. These beds often assume the aft< 
pect of true veins. 

The immense development which intermediary 
limestone attains in the high chain of the Alps 
might lead us to believe, that the ^oup ^ S2. 
contains two distinct formations } one of which,, (he 
most ancient, comprehends the schists and grau- 
wackes, with th^ contained poq)hyries aad. Kme> 
stones ; and the other of a more recent date, the 
limestones considered as independent rocks; but 
this separation does not appear to be sufficiently jus< 
tified by the geognostic constitution of the series. 
In Switzerland, as well as in England, great masses 
of limestone alternate with transition breccias ; and 
these very limestones, which it is attempted, to 
ruse to the rank of independent formations, mani- 
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fest, by the interposed beds, a dose connection 
all the other members of the group. 

$ SS. M. de Charpentier has observed, in the 
intermediary limestone ofDiablerets and Oldenhom, 
beds of grauwacke-slate. According to that experi- 
enced geognost, the saliferous gypsum of Bex i» 
subordinate to a transition limestone that reposes 
on grauwacke, and alternates at tiie same time with 
this latter rock and transiticm clay-slate. The 
lower strata of transition limestone are very black 
and filled with belemnites; the upper strata are 
aririllaceous, and contain ammonites. The anhy- 
aZ gypsuo,. in which rock^lt i, dis^minaJ. 
belongs to those upper strata; it displays in its 
turn subordinate beds of common or hydrous gyp- 
sum, compact limestone, clay-slate, grauwacke and 
breccias. Thus every deposite of salt, coal, and iron 
ores, in the intermediary and secondary formations, 
contain small local formations which must not be 
confounded with the real terms of the geognostic 
series. According to the observations of M. de 
Charpentier and M. Lardy, the gypsum of second- 
ary formation, considered only in great masses, 
is always hydrated (Thwiage), while transition 
gypsum (Bex) is anhydrous, or hydrated epigene. 
The geognosts are, however, still divided in opinion 
on the age of the saliferous deposite of Switzerland. 
M. de Buch, in his letters to M. Escher, published 
in 1809, seems to place the saliferous gypsum of 
Bex between the grauwacke of the Dent de Cha* 
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mossiure, and the conglomerate of Sepry : MM. 
de Bonnard and Beudant consider it as secondary, 
and belonging either to the coal sandstone, or to 
zechstein : such it also appeared to M. Freiesleben 
and myself, when we examined that country in 
1795. 

In the chain of the Pyrenees, the limit between 
the transition formations (Peak long. 1668 toises ; 
Peak d*£stalfi, IJ^Otoises) and the formations of red 
sandstone (mountains of Larry, 1100 toises) and 
the alpine limestone (Montperdu, 17*7 toises) may 
be very accurately traced. Whferever there is red 
sandstone, two limestones maybe distinguished; one 
that covers the red sandstone, and one by which 
it is supported. The first of these limestones, 
whatever may be its composition and colour, is, ac- 
cording to those geognosts who name formations 
according to their position, an alpine limestone 
(zechstein)} the second is a transition limestone. On 
the high chain of the Alps (and we shall afterwards 
return to this interesting subject,) the red sandstone 
is not better characterised than it is in a great part 
of the Cordilleras of the Andes ; it may even be 
doubted if it exists there. It is therefore very pro- 
bable, that the limit between the atpin6 limestone, 
or zechstein,' and the most recent transition lime- 
stone, cannot be determined with certainty. The 
limestones of the southern band, of the Alps, viz. 
that of the Dent du Midi of Saint Maurice, of 
the Dentde Morcle, of the Diablereta (if we except 



_, ... A^ii^iiiiici ; tliose or tl 
and Luclion in the Pyrenees; 
in Bel<i;iuni ; of Blankenboi 
and Scharzt'eld and Schneebc 
Germany. The evidence is 
the northern limestone band of 
of Mole, of the Dent d'Och^ 
the Tour d*Ay, the Dent de . 
Glamisoh, and Sentis, whicl 
geognosts consider as zechstein, 
latest transition limestone. 1 
southern and northern band of t 
often confounded under onecomi 
that of limestone of the high rri 
birgskalksteiri) \ a denoihinatioi 
still more vague than that of al 
any idea oi geographic position ^ 
and if it only expressed the { 
rocks at very great heights. Th 
stone^ considered in its origin as 
zechstein^ indicates a geognostic 



England and ScotJand, some traces of coal that dif. 
fere from anthracite. 

The true varioUtes (Durance, Mont Ro8e)which 
contain nodules of compact feldspar disseminated 
in an intimate and almost homogeneous mixture of 
hornblende, chlorite, and feldspar, belong either to 
the groupwehave just described, or to the following 
group. They are perhaps only subordinate beds 
in greenstone-porphyry, beds in which a certain 
quantity of feld^ur has separated from the mass. 
These variolites were long thought to be only pel^ 
bles, or large detached fragments \ they must not 
be confounded with the variolites with nodules of 
calc-spar (blattentein) subordinate to green trans- 
ition clay-slate, nor with the variolites that are 
occanoned by infiltration into the mandelstein of 
the red sandstone. 

Although we are yet far from being able to 
complete the history of every intermediary and 
secondary formation, by the enumeration of the 
species of fossil bodies that are found in them, 
we shall, however, indicate some of those organic 
remuns which seem to characterise the group 
S 2S. In clay-alate and graieatacke, and princi- 
pally in grauwacke-slate ; monocotyledon plants 
(arundinac6es or bambousaciges) perhaps anterior to 
the moat ancient nnimajfi, entrochites, coralites, 
ammonites (valleys of the Castillon in the Pyrenees ; 
base of the mountain of Pis, in Savoy ; duchy of 
Nassau, and the Hartz in Germany) ; hyBterditai, 
orthoceratites, much more nre than in i 
p 3 



idiary limestone, pectinites (Gerolstein in Ger- 
Imany) ; trilobites of" M, Wahlenburg, in which we 
Idiscem no trace of eyes (Olstorp in Sweden) ; 
logygies of M. Brongniart, in wliich the eyes 
Imay be said to be indicated only by two tube- 
Irosities on the scutum (Angers and North Ame- 
Irica) ; calymene of Tristan, and calymene-ma- 
Icrophtalmc of Brongniart (Bretagne, Cotentin), 
lln the Hmestone, viz. in the most ancient beds, 
lentrochites, madrepores, belemnites (Bex, in Swit- 
Izerland ; Peak of Bedillac in the Pyrenees) -y 
Isometinies ammonites, never in beds, but insu- 
lated J orthoceratites, Asaphus Buchii, A. Haus- 
Tianni (Wales, Sweden) ; very few bivalve sheUs. 
[in the newer beds of limestone, Calymene Blu- 



tive as that of Carara, on which I have the same 
doubts as several celebrated gec^osts. The phe- 
nomenon of caverns does not oppose, however, the 
high antiquity assigned to the limestones of the 
Archipelago, hi some countri^ (Silesia, near Kau- 
fungen; Pyrenees, valleys of Naupounts, and moun- 
tain of Meigut) there are caverns in rocks that 
f^pear to be primitive limestone. 

IV. & V. PORPHTBJES, SYENITES, AND GREENSTONE 
POSTERIOR TO TRANSITION CLAY-SLATE, SOME- 
TIMES EVEN TO LIMESTONE WITH OBTHOCEBA- 
TITES. 

%23, I place in two groups what perh^ form 
but one, the porphyries, greenstone-porphyries, 
and syenites, which I have seen in both hemi< 
si^eres covering transition clay-slate. These rocks, 
by their composition and their relations with tra- 
chytes placed immediately on them, present a 
great analogy with the more ancient group $ 21. 
It is in these porphyries and porphyritic greeiu 
stones, that, at the north of the equator, in Mexico 
and in Hungary, the immensely rich gold and silver 
mines have been discovered ; for, although the 
metalliferous rock of Schemnitz (saxwn meitdl^erum 
of Bom) may perhaps be posterior to the transition 
limestones, containing some indistinct organic re- 
mains this position, in the opinion of a celebrated 
geognost, M. Beudant, is too .uncertain to separate 
fonnations so closely allied as those of New Spiun 
p S 
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andHunguy. TheifOiiteswlAldfO^ 
ition granites and pot ph y ri esofNorwty, whkh Mlfc. 
de Bucfaand HaoMiittni ba/re tuute «8 acqoafaM^ 
with, are nottMriy poHterior (SfMttio6» KtogAcMVb) 
tograowacke and <a digr^idbite tiiat akerttaM iRriBfii 
oi11ioceratite4imeM^ bot theife vodb ftiM 490Mr 
(Skeen) uamedUateiy a '^uaftalte (ijVBrtftfch) ttift 
rqiresents grauwaek^ Md repMei <tt a black liM»- 
stone destitute of alternating beds of day-date. 

From these considerations it results^ that thane 
are sufficient reasons for uniting the groiips 5S '^ 
and 24f^ distinguishing among transition poiphyriea 
only two independent fi>nnations» one anterioi> the 
other posterior to day-slate, and a third formation 
(5 S3.) subordinate to that lOck. The property 
which obtain porphyries and porphyritic syenites 
possess of being eimneBtly metalliferous, ought not^ 
I think, to oppose the union of the rodcs of Mexioo^ 
Hungary, Saxony, and Norway. The ores of gold 
and silver do not formcontemporaiy beds, but are 
veins of extraordinary size. Some transition por* 
{>hyries, several of which we should be tempt^ to 
place among trachytes because th^ contain true 
beds of phonottte with glassy feldspar, partidpate 
in these mineral ridies, which, among the rocks 
posterior to primitive formations, were long thought 
to be foimd exchisivdy in caiburetted and mica- 
x^ouB day-slate, grauwacke, and transitioo lime- 
stone. There exist in the same r^^kiiB groups of 
porphyries and syenites, very analogous in their 
mineralogical composition and their position, 4o:the 

90 
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rocks containing the rich mines of Scliemnitz or 
New Spain, and which, nevertheless, are found en- 
tirely destitute of metals. This is the case with 
aknost all the trutsition porphyries of South Ame- 
rica. The great workings of Peru, those of Hual- 
gayoc or Chota, and Llauricocha or Pasco, are not 
in porphyry, but al|Hne limestone. The famous 
Cerro del Potoai, in tlie republic of Buenos-Ayres, 
is composed of clay-slate (transition ?) covered by 
porphyries that CMitun disseminated garnets. 

If the great argentiferous and auriferous deposits 
that have fcffmed for ages the wealth of Hungary 
and Transylvania, are found solely amidst syenites 
and pcffphyritic greeastcHies, we must not tlience ~ 
conclude tiiat it is the same in New Spain. The 
Mexicui p<vphyrie8 no doubt oSer insulated ex- 
amples of immense riches. At Pachuca, the (»ily 
pit of d^ Endno Aimifdied alone annually, during 
a long time, more llian 30,000 mu-ks of silver ; in 
1736 and 17^t the two workings of la Biscaina 
and Xacal gave together 542,000 muks, that 
is, almost twice as much as all Europe and 
Asiatic Russia produced in the same interv^. 
These same porphyries of Real del Monte, wliich 
are connected by their upper beds with porphyiitic 
trachytes and pearlstMie, wilii obsidian of Cerro 
de las Navajas, Aimtshed by the woridng of the 
mine of la Bise^una, to the count of Regla, fi'om 
17dS to 1781, more than eleven millions of pias- 
ters. These riches, however, are still inferior to 
tbose which are drawn in die same country from 
T 4 
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tranftitkm fonnatiou .wliidi are not poqptqntitkb 
Tke veta n^ra of Sombreret^ which travenNiii a 
compact limestone ooDtfuniiig nodules of IjniifHi 
stcme, has funuahed the .ezamide of , the ffxu f bett 
abundance of silver which has heeia observed iq the 
two worlds ; the family crf^Epgoagay or of the Mar- 
quis del Apartado^ drew from thence in at few 
months, a neat profit of four milliims of piaslwa. Tl^ 
produce of the mine of Valendao^ worked in traiiaj- 
tion slate, has been so constant^ that to the end of 
the last century, it never ceased to furnish anquidly, 
during forty years successively, above ,d60,00Q 
marks of silver. In general, in the central .part, of 
New Spam, where porphyries are frequent, it is 
not that rock which affords the precious metals in 
the three great workings of Guanaxuato^ Zacatecas, 
and Catorce. These three mining districts, which 
yield the half of all . the Mexican gold and silver, 
are situated between the 18^ and 23^ of north lati- 
tude. The miners there work on metalliferous 
mineral deposits, almost entirely in intermediary 
formations of day-slate, grauwacke, and alpinelime- 
stone ; I say almost entirely, for the famous JTe/a 
madne de Guanaxuato, richer than Potosi, and 
furnishing till 1804, on an average, a sixth of 
the silver which America pours into the circulation 
of the whole world, traverses both day-slate and 
porphyry. The mines of Belgrado, San Bruno, 
and Marisanchez, opened in the poiphyritic part 
at the south-east of Valendana, are but of small 
importance. Other workings carried on the por- 
hyries of the group § 28. (Real dd Monte, Mo- 
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ran, Pachuca, and Bol^os),.do not now furnish 
above 100,000 marks, or a twenty-fifth part of the 
mlver exported (1803) from the port of Vera Cruz. 
I thought it was here proper to state these &cts, 
because the denomination which I have often used 
in my works o£ metaU^rouB porphyries, might lead 
to the error of conudering the metallic riches of 
the new world as. procured in great part from 
transition porphyries. The more we advance in 
the study of the constitution of the globe in dif- 
ferent climates, the more we are convinced that 
there scarcely exists one rock anterior to dpine 
limestone which has not been found in some coun- 
tries extremely argentiferous. The phenomenon 
of these ancient veins in which our metallic riches 
are deposited (perhaps as the specular iron and 
muriate of copper are d^>osited in modem times 
in the fissures of lava) is a [4ienomenon that ap- 
pears is some degree independent of the spjedfic 
nature of rocks. 

To give a precise idea of the compf^ition of the 
porphyry, syenite, and greenstone formation, pos- 
terior to transition clay-slate, it is necessary, in the 
present state of the science, to distinguish four 
partial Jbrmqtions, viz.— those. 

of the equinoxial region of.the new continent, 

of Himgaiy, 

of Saxony, and ■ 

of Norway. 
Notwithstanding the relatifms that conceal these 
partial formations, each of them exhibits very rer 
markable differences. We shall designate them by 



coini)aiiy it, in some parts ot" Europe. 

A. Gruups uj the eguiiwzial reg. 
new contineni. 

a. In the northern hemisphere. Wi 
ral characterises the porphyries, iii pai 
metalliferous, of equiuoxial America 
group § 23. as well as those of grou 
the almost total absence of quartz, ar 
sence of hornblende, glassy feldspar, i 
times of pyroxene ; I have insisted on the 
tive characters in all the works which I 
lished since 1805; they are also found 
part in the porphyries or porphyritic gi 
equally metalliferous, of Hungary and 
vania. The Mexican porphyries, as 
observed above, often contxiin two varieti 
spar, the common and the glassy ; t 
resists decompositi^" — --■ 
To 
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The argfentUeroiu Mexican group abounds less in 
hornblende ; mica, which is found in some txa- 
chjteii is always ^ranting in the poipbyries of New 
Spain. These rocks are for the most part very re- 
gaiaily stratified; and also the directim of their stra> 
ta is often (between Moxonera and Sopilote, at the 
north of Ac^ulco^ at Puerto de Santa Rosa, near 
Guanazuab^) concordat^ widi the direction of tb* 
primitive and intermediary rocks to whidb they are 
superposed. In New Spain, as well as in Hungaiy, 
the trachytic fonnation is placed immediately oa 
metalliferous porphyries j but in ike former, the 
porphyries are covered on some pimttSjCZimapw, 
Xaschi, and Xacala) by daridsb^ey tranaitioi) 
limestone on some (Villalpando) by red sand' 
stone, and on others (between Masatlan and Chil- 
panzingo ; between Amqaque and Magdalena { 
between San Frandsco Ocotian and la Puebla de 
loe Angdes ; between CholQla and Totomehuacan) 
by alpine limestMie. 

The transittmi porphyries of Hungary, Saxony, 
and Norway, are of a very complicated itmcture i 
they alternate with «yenites, granites, and green- 
stones; and when tha« is no aAerfia/ion,tbcse three 
latter rock«, and even the niica»dale and ateatilie 
timestone are foond eontaixed as subordiziate beds, 
in porphyries. Hw abimdonce of those subordiaatc 
beds separatee, in a very decided manner, the por- 
phyries of Hungary and Norwi^ from the tra- 
chytic rocks } it also removes firom the poiphyries 
of New l^Min, which resemble them in their mine- 



[logical composition (by the nature of their paste, 
ftd imbedded crystals). There is a great simplicity 
1 the structure of the Mexican porphyries ; they 
Brm an immense and uninterrupted series of sub- 
dinate beds. I saw syenites in the transition 
by-slate of Gtianaxuato (§ 20.) j I have seen them 
love this clay-slate, alternating with greenstone ; 
■t I have not found either syenite, or mica-slate, 
I greenstone, or limestone, in tlie porphyries of 
■oxonera, of Pachuca, of Moran, and of Giia- 
Lxuato. It is only at Bolanos Uiat mandelstein is 
nind in porpliyry. Tliia uniform and uninter- 
1 development of the metaUiferous and non- 
letalliferous porphyries of New Spain is a veiy 
■ phenomenon j it renders the systematic 



sintlan, and Puente de Istla (where the porphyries 
are hid beneath the porous mandektein of Guchi- 
laque, and the valley of Mexico), as &r as the upper 
part of the argentiferous veins of Cabrera (Real de 
Moran), is 5000 feet (80? toises). These dimen- 
sions were determined by comparing the absolute 
heights of the stations j for, according to the variable 
inclination of the beds, and the relation between 
the direction of the sections, and that of the rock, 
it is probable that the apparent thickness (the dif- 
ference between the mcucmum and the minimum of 
heights) is very httle remote from the real thick- 
ness, which is the sum of the thickness estimated 
perpendicularly at the fissures of stratification. The 
following are the most interesting local circum- 
stances respecting the portion of the porphyries 
of Mexico, between the 17° and 21° of north lati- 
tude. 

Road from Acaptilco to Mexico. The porphyry 
at' the western declivity of the Cordillera of Ana- 
huac, descends only as far as the valley of Rio 
Fapagalla, a httle to the north of the Venta de 
Tierra Colorada, at the height of SSO toises above 
the level of the Pacific Ocean. On the eastern de- 
divity of the Cordillera of Anahuac, between the 
valley of Mexico and the foot of Vera Cruz, I saw 
no traces of this rock below the Encero, at the 
height of 476 toises. The porphyries are hid be- 
neath an argillaceous sandstone, in which A-agments 
of amygdaloidal trachyte are imbedded. Tlie two 
principal groups of porphyry, in the road from 



..v/iic i^oo toises thick), da 

and traversed by small white veins of* calca 
It is full of great caverns, but it is rather 
to the alpine limestone, than the transi 
stone. The valley is bounded to the n 
mass of porphyry (Alto de la Moxoner 
los Caxones) S55 toises thick. This po 
rather regularly stratified (dir. N. 35* E. 
40*^ at N.W.) ; sometimes it is divided in 1 
concentric layers. Its base is greenish ai 
laceous, containing glassy feldspar imbedc 
decomposed pyroxenes, which have almost 
lour of olivine ; but no quartz, mica, nor 
feldspar. Great masses of reddish-white 
interposed in this porphyry, which rests 
diately, like the limestone of Peregrino, (c 
the direction of the strata is N. 45** E. ; in< 
at N.W.) on primitive granite. The lattei 
has been described above (§ 7.), contains 
foot of the porphyritic hill of Los Caxoni 
in the valley of Papagallo, veins of black 
bolite, and ball» r^*" '* 



neighbouring summits (poiphyritic? Cerros (le 
las Caxas, and del Toro,) are of singular forms ; 
and, if from the mineralogical composition of the 
porphyry of Moxonera and the Alto de losCaxones, 
and firom its insulated position, we should be led 
to consider it as trachyte, the parallelism of the 
direction of these strata with those of the limestone 
and granite, and the covering by a very similar 
neighbouring porphyry (^Masatlan,) might be op- 
posed to that hypothesis. In descending the por- 
phyritac moiJntfun of LosCaxones towards the south, 
that is, towards the coasts of the Pacific ocean, I 
saw, alternately appearing, the primitive granite 
of the valley of Papagallo, the alpine limestone of 
the Alto del Peregrim^ the primitive granite of the 
valley of Camaron* the syenite of the Alto del 
Camaron, and finally, the primitive granite of 
Exido and the coast of Acapulco. The syenite of 
Camaron, containing crystals of hornblende about 
three-quarters of an inch long, does not appear to 
me to be allied to the Mexican porphyries. It 
is but a change in the composition of the mass of 
granite, which, in this re^on, is mixed with bom- 
blende, and becomes porphyritic on all the summits 
of the hills. 

The second group of intermediary porphyries of 
which I could carefiilty examine the superposition, 
is that of Zumpango. This group begins some 
leagues to the nortii <^ the Alto de los Caxones, 
and in stretching towards Mescala, supports a vast 
table-land, composed of limestone, sandstone, and 
gypsum (between Masatlan and Chilpansingo). In 
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this table-land, the absolute height of which is TOO 
toises above the level of the sea, a porph3ny» similar 
by its composition to that of Moxonera, supports 
secondary formations of a very complicated struc- 
ture. In descending the Alto de los Caxcmes 
(height 585 toises) towards the north, we at first 
see the primitive granite of the valley of Pkpagallo 
reappear ; we then discover an alpine limestone, si- 
milar to that of Per^rino (200 toises broad, which 
is immediately superposed on granite) ; the granite 
then appears again; and finally, we resach the por- 
phyritic group of Zumpango, in which the direc- 
tion of the strata is very regularly preserved, N. 30% 
at 45* E., with a frequent inclination to N. W. 

This porphyry, containing glassy feldspar, desti- 
tute of hornblende, and covering primitive granite, 
serves first for a basis (Acaguisotla) to a formation 
of amygdaloid, that is reddish-brown, semi-vitreous, 
almost without cavities, containing nodules of de- 
composed calcedony, and scales of black mica 
and melanite. The mandelstein soon disappears, 
and porphyry again occurs of very considerable 
extent, till it is hid beneath the limestone of Ma- 
satlan and Chilpansingo ; that is, beneath two very 
distinct porous formations, of which the upper is 
whitish, argillaceous, and friable, the lower greyish- 
blue, mixed with great masses of calcareous spar. 
These two limestones seem at first sight less an- 
cient than the alpine limestone of Peregrino ; but 
they certainly do not belong to the tertiary form- 
ations which repose in Hungary on trachytes. I 
found in them no trace of petrifactions ; they are 



directed N. 85° E., and generally inclined 40°, not 
at N.W., but at S.E. This uniformity of direction 
(not inclination,) observed among rocks which 
appear to be of an age so different, is a very rare 
phenomenon. It is an additional reason, perhaps, 
for not considering these porphyries, of which we 
have just described the position, as trachytes. The 
limestones of Chilpansingo have cavities that vary 
from half an inch to eight inches of diameter. The 
lower formation, which is greenish-blue, immediately 
covers the porphyry ; it sometimes pierces through 
the whitish formation, and forms small cylindric or 
corallifbrm rocks three or four feet high, at the 
surface of the soil, whicli present the most singular 
aspect. These circumstances of composition and 
structure indicate a great analogy between the caver- 
nous limestone found from Masatlan andPetaquUlas 
as £tr as Chilpansingo, and the lower beds of the 
Jura limestone (hohlenkalk, schlackiger, blasiger 
kidkstein) which, equally cavernous in the Upper 
Palatinate (between Lubec and Ettershausen), and 
in Franconta (between Pegnitz and Muggendorf), 
give the surface of the soil a peculiar appearance by 
their asperities. Not far from Zumpango porphyry 
again occurs below the cavernous limestone of 
Chilpansingo, or rather below a conglomerate lime- 
stone, which, containing large fragments of the 
blue and white formation, covers the latter in several 
places. As the porphyries in the groups of Los 
Caxones and Zumpango rise nearly to the same 
level (560 and SS5 toises), we may suppose, with 
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Ikoiiio probability, that the cavernous Uniestone 
Iwhicli they support in the table-land ofChilpan- 
Isingo is 800 feet thick. 

Ill advancing to the north towards Sopiiote, 
I Mescala, and Tasco, we again lose sight of por- 
I phyry. Primitive granite re-appears, but is soon 
hid by a porphyry the inineralogical composition of 
wiiich presents very remarkable characters j it is 
I bhiish-grey, a little argillaceous by decomposition, 
land contains large crystals of wiiitisli-yellow feld- 
Ispar (rather lamellar tiiaa glassy), pyroxene of 
I nearly a leek-green, and a little uncrystallised 
I quartz. This stratified porphyry is covered, towards 
; south, with the same conglomerate limestone 
abounds on the table-land of Chilpansingo ; 
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The rock in the valley of Sopilote, that covers the 
porphyry of the group of Zumpango, exhibits the 
same sinuous and contorted beds that are seen at 
Achsenberg, on the bank of the lake of Lucerne, 
and in other mountains of alpine limestone in 
Switzerland. I observed that the upper beds of 
the formation of Sopilote and Mescala passed pro- 
gressively to whitish-grey, were destitute of veins 
of calcareous spar, and presented a dull, compact, 
or conchoidal fracture. They divide, nearly like the 
limestone of Pappenheim, into very thin layers. It 
seems to be the passage from the alpine to the Jura 
limestone, two formations which immediately cover 
each other in Switzerland, the Apennines, and 
several parts of equinoxial America, but which, in 
the south of Germany, are separated fixjm each 
other by several interposed formations (by the sand- 
stone of Nebra, or bunte sandstein, by muschelkalk, 
and the white sandstone or quadersandstein). 

Near the village of Sochipala, the alpine lime- 
stone is covered by gypsum, and between Estola, 
and Tepecuacuilco, there appears beneath the 
alpine limestone (directed sometimes N. 48° E., 
with inclination 40° at the east j sometimes N. 48° 
E., with inclination 50° to south-east) a porphyry, 
asparagus-green, with a base of compact feldspar, 
divided into very thin strata like that of Achi- 
chintla, and almost destitute of disseminated crys- 
tals. This rock resembles' phonolitic porphyry 
(porphyr-schiefer) of the trachyte formation. In 
advandng towards the mines of Tehuilotepec and 
a 2 



Taaco, we tiiid the same rock covered with a quartz- 
ose sandstone liaving a cement of argillaceous lime- 
stone, and analogous to the weiss liegende (lower 
arenaceous bed of zechstein) of Thuringe. This 
quartzose sandstone again announces the prox- 
imity of alpine limestone > and iii lact, on this 
sandstone, and perhaps immediately on porphyry 
(as at Ziimpango, and tiie Alto de los Caxones), 
near the salt lake of Tuspa, an unniense mass of 
alpine limestone reposes, oilen cavernous, and 
containing some petrifactions of trochi, and other 
univalve shells. This limestone of Tuspa, indu- 
bitably posterior to all the porphyries which I have 
t describeil, contains beds of specular gj'psum, 
I betis of slaty and carburetted clay, which we 
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identity of the limestone fonnations of Tasco and 
Mescala, which are both argentiferous, the former 
of those, wherever it has been pierced in mining 
(Cerro deS. Ignacio), has not been found superposed 
to porphyry like the limestone of Mescala, but 
covering a more ancient rock than porphyry, a 
mica-slate (dir. N. 50° E. ; incl. 40°— 60", most fre- 
quently at N;W. sometimes at S. E.) destitute of 
garnets, and passing to primitive clay-slate. It 
was proper to enter into these details on the fomt- 
ations that succeed porphyries, because it Is only 
in making known the nature of superposed rocks, 
that geognosts can be enabled to decide on the 
place which Mexican porphyries ought to occupy, 
in the order of formations. A sketch of a geognos- 
tic table has its value only inasmuch as we connect 
the rock we wish to make known to those by 
which it is immediately succeeded above and below. 
Oryctognostic facts alone may be presented singly ; 
positive geognosy is a science occupied with the 
relation and connection of facts, and in describing 
any one portion of the globe, we ought not to limit 
our view, and stop at the study of a particular 
bed. 

Central table-land, vaUey qf Mexico ; tract be- 
tween Packuca, Moron and La Puebla. An en- 
ormous mass of transition porphyry rises to the 
mean height of 1200 to 1400 toises above the 
level of the sea. It is covered, in the valley of 
Mexico, and at the south towards Cuernavaca and 
Guchilaque, with basaltic and cellular mandelstein 
Q S 



(leizontli in Mexican) ; and towards the east and 
north-east (between TIascala and Totonilco), with 
secondary formations. The porphyry, probably hid 
at first beneath the alpine limestone oi' Mescala, and 
then in the Llanos of San Gabriel (near tlie bridge 
of Istla) beneath trachytic conglomerates and a 
porous mandelstein, is identical with that which re- 
appears, 15 leagues further north, ' and 800 toises 
higher, on the banks of the lake of Tezcuco. In 
the fine valley of Mexico the porphyritic rock 
pierces the cellular amygdaloid in the hills of 
Chapoitepec, of Notre Dame de la Guadeloupe, 
and of Feuol de los Banos. It exhibits several 
very remarkable varieties : 1°, reddish-grey, a Uttle 
argillaceous, without distinct stratification, contain- 
ing crystals of hornblende, and common feldspar 
in equal parts (gallery dug in the rock of Chapoi- 
tepec) ; 2", black or darkish-grey (sometimes fissile 
and spongy) stratified by beds from 3 to4 inches 
thick, with a basis of compact feldspar, fracture 
dull, smootli, or imperfectly conchoidal, resem- 
bUng more the fracture of lydian stone than that 
of pitchstone containing small crystals of glassy 
feldspar and olive-green pyroxene, almost destitute 
of hornblende, and often covered at their surface 
by superb masses of reniform hyalite, or Muller's 
glass (Penol de los B^os j dir. N. 60° W. } incl. 
60° N. E.) ; 3°, red, earthy, with a quantity of 
large crystals of common decomposed feldspar 
(salt-works of the lake of Tezcuco, where the 
Penol is covered by ancient Aztic sculptures). 
15 



The porphyry of the valley of Mexico furnishes 
not only springs of pure water, which is conveyed 
to the town by long and magnificent aqueducts, but 
but also acidulated thermal waters, some warm, 
and others cold. Here is also found (and this is a 
very remarkable fact) naptha and petroleum (pro- 
montory of the sanctuary of Guadeloupe), as in the 
primitive mica-slate of the vicinity of Araya and 
Cumana. Although this porphyry appears below 
the porous amygdaloid, and is seen (Cerro de las 
Cruces and Tiangillo, Cuesta de Varientos and 
Capulalpan, Cerro Ventoso, and Rio Frio) in all 
the circular outline o£ the basin of Tenochtitlan, 
(the bottom of an ancient lake partly dried,) it is 
only towards the north-north-east (Fachuca, Real 
del Monte, and Moran) that it has been found to 
be argentiferous. 

Several rich veins traverse a mass of porphyry 
above 700 feet in thickness, from the mine of San 
Pedro, at the summit of Cerro Ventoso (1461 toises) 
as far as the bottom of the ancient wells of Encino 
(1 170 toises), in the Real de Pachuca. This rock, 
which would have formerly been caUed petrosilex, 
, or homstone-porphyry, is generally greenish-grey, 
sometimes prase-green, with a scaly fracture, and 
giving fragments with sharp edges. The paste is 
probably a compact feldspar, having a large pro- 
portion of silica ; and contains, not quartz and mica, 
but crystals of common feldspar and hornblende. In 
general, the latter substance is not very abundant, 
and when the porphyry is argillaceous, or merely 
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earthy, we recognise the hornblende only by spots 
with striated surfaces, and of a very dark green. The 
beds which are argillaceous and softer (thonporphyiy 
of Moran) appear to be below the harder and more 
tenacious beds. Strata of phonolite (klingstein). 
are found subordinate to both ; it is smoke-grey^ 
or leek-green, divided into tables or plates that are 
very sonorous. It is not, however, altogether a 
porphyry-slate of the trachyte formation, for the 
phonolitic mass does not contain thin crystals of 
glassy feldspar, but crystals of greyish-white com- 
mon feldspar, constantly accompanied ^ith a little 
hornblende. All these argentiferous porphyries of 
Moran and Real del Monte are very regularly stra- 
tified (general dhection as in the valley of Mexico, 
N. 60** W., incL 50^—60° at N. E.) : they are ir- 
regularly columnar only in the Organos of Actopan 
(Cerro de Mamanchota, summit 1527 toises) and 
the Monjas of Totonilco el Chico ; if indeed the 
rock of Organos, the mass of which is 3000 feet 
thick reckoning only the porphyries visible above 
the neighbouring plains, is identical with the rock 
of Moran. The latter contains fewer crystals of 
hornblende; neither of these rocks are fissile or 
porous, and it is at the foot of the grotesque peaks 
of Monjas, that the rich veins of Totonilco el Chico 
are found. The argentiferous porphyries of Pachuca 
and Moran which I have just described, present no 
character that should separate them from the trans- 
ition formation ; they are even covered, between 
the baths of Totonilco el Grande and the cavern. 
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of the Madre de Dios, or the pierced rock, by 
enormous calcareous masses, and by sandstone and 
gypsum. The calcareous formation, 1000 feet 
thick, is of a bluish-grey colour, compact, not 
porous, and contfuns veins of galena, and beds of 
white coarse-grained and almost saccharine lime- 
stone. It is at least the alpine formation (alpen- 
kalkstein), if it be not a transition limestone ; and 
the relations of position observed between this lime- 
stone rock, and the porphyries of Moran and the 
Magdalena, seem to show that the latter are not tra- 
chytic. Advancing four or five leagues distant 
from the mines of Moran, by Omitlan, by the savan- 
nahs of Tinaxas, and a vast forest of oaks towards 
the Jacal, of which the Oyamel, or the movnlain qf 
Knives CCerro de losNavajas), forms the western de- 
clivity, we enter a country that exhibits, in its geo- 
gnostic composition, very recent traces of subterra- 
neous fires. We first find, at the foot of the Oyamel, 
a greyish-white decomposed porphyry, containing 
crystals of glassy feldspar, and presenting nearly the 
same diriection (the same angle with the meridian, 
N. 30° W.) as the argentiferous porphyries, but with 
an inclination (75" at S. W.) quite contrary. The 
vegetation prevents fixing the relations of position 
between the rocks of the Oyamel and the transition 
porphyries of the silver mines of Moran. The for- 
mer, which are without obsidian, form the basis of 
a reddish-white rock, with a lustre like enamel, a 
smooth fracture sometimes granular, containing a 
little glassy feldspar, and divided into an infinity of 
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small parallel beds often undulated. This rock is m 
porphyritic lithoid pearlstone, or rather a trachytic 
porphyry, not spongy nor fissile, the base of which 
passes to pearlstone. Sudi a passage of the base 
to a mass composed of agglutinated grains is seen 
even in beds which, from their aspect only, we 
should at first think were composed of compact 
feldspar or of a greyish siliceous schist Neither 
black mica nor quartz are mixed with- the slender 
crystals of glassy feldspar disseminated in the paste, 
a mixture which is observed in the pearlstone of 
Tokai, and of Schemnitz in Hungary. 

The abundance of obsidian contained in the por- 
ph}Ties of tlie mountain of Knives, and through 
which they are analogous to the pearlstone of 
Cinapecuaro, leaves no doubt of their volcanic na- 
ture. They constitute insulated mountains, some- 
times in pairs, with perpendicular beds, resembling 
by their aspect, hills of basalt, and the trachyte of 
the Euganean mountains. Did these volcanic masses 
issue from the transition porphyries of Moran, or 
does there exist a passage from the one to the 
other ? Are the rocks of Oyamel superposed only 
on metalliferous porph^Ties, like the columnar ba- 
salts of Regla ? We may even enquire if the black, 
and oflen cellular porphyries of the valley of Mex- 
ico (Peiiol de los Bs£os), covered by amygdaloid 
which is basaltic and cellular, are of a different 
origin from the porphyries hid beneath the alpine 
limestone (Totonilco el Grrande) ? In this valley of 
Mexico (advancing from the lake of Tezcuco at the 
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north, towards Queretaro) we see, at Cuesta de 
Varientos, a decomposed porphyry appearing be- 
low volcanic mandelstein, of a brownish red, with- 
out hornblende, but abounding in slender crystals 
of glassy feldspar. On the - prolongation - of the 
strata of this rock of trachytic aspect, secondary 
and tertiary formations repose (Jura limestone, 
gypsum, and marl with elephants') bones, at II70 
toises high), which fill the basins of Hacienda 
del Salto, Batas, and Puerto de los Reyes. Ten 
leagues further, at Lira, we iind porphyritic rocks, 
with a semi-vitreous base, olive-green, covered with 
mammiltated hyalite, and without pyroxene. These 
rocks contain a little feldspar and grains of quartz, 
arid also small subordinate beds of obsidian. It is, 
no doubt, a trachyte (a formation in which quartz, 
even in Hungary, is not entirely wanting). But 
how shall we distinguish beds of trachyte-por- 
phyry from the transition porphyries by which they 
are immediately supported, when both, by the 
mixture of obsidian and pearlstone, have a mine- 
ralogical composition so analogous ? 

Th^ difficulty embarrasses the geognostic tra- 
veller still more, when he goes from the valley of 
Mexico, towards the east^ to cross the ridge of 
mountains on which rise the two volcanoes de la 
Puebla, Iztaccihuatl {White Woman, 24f5G toises) 
and Popocatepetl (Smoking mouniain, 2770 toises). 
The porphyritic rocks that appear near the Venta 
de Cordova and the Rio Frio are closely con- 
nected with the trachytes of the great volcano, 
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^tratmtion or alpine) is certainly not ter 
the very recent famsOkms of shelly ^ 
marl^ and gypsum, wbidi, in diflbrent pa; 
globc;^ weseefJaced in insulated portio 
inchytic formations* M. Sonneschmidt t 
Zimapan, Xaschi, and Xacala, a true t 
Jimestone^ darkish-grey and strongly cart 
resting on porphyries quite similar to thos 
wc have just described in the central ta 
of New Spain. Some strata of these po 
of Zimapan, Xaschi^ and Ismiquilpan, 
like the porphyritic greenstones and pearls 
Hungary, and like the porphyry placed < 
slate (of transition?) of the famous moui 
Fotosi, garnets disseminated in the mass, 
are traversed by veins that contain that mafi 
variety of orancre-vpH'*^' 
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resembling thermantide jaspoid (porcelain-jasper, 
porzellan-jaspis) in their colour. The relations of 
position are not yet ascertained, between these por- 
phyries which were considered as trachytie, and 
those which support the great limestone formations. 
It is easier to separate metalliferous porphyries from 
trachytes in artificial classifications, than in the 
mountains themselves. 

Group of porphyries of Guanaxttato, It is this 
group that determines most clearly the relative 
age, or, to express myself with more precision, 
the maximum of the antiquity of the Mexican por- 
phyries i if indeed those of which we have just in- 
dicated the positions are of the same formation as 
the porphyries of Guanaxuato. The superposition 
of those porphyries on rocks belonging to inter- 
mediary formation is evident Near the farm of 
Nona, and in the Canada de Queretaro, a slaty 
olive-green porphyry, containing glassy feldspar 
in microscopic crystals, is superposed on a trans- 
ition clay-slate with lydian stone. This super- 
position is equally certain near Guanaxuato, and 
particularly near Santa Rosa de la Sierra. The 
porphyries of this district have in general a con- 
cordant position (a parallel direction and inclin- 
ation) with the strata of clay-slate. They are 
eminentiy metalliferous; and the famous vein of 
Guanaxuato (Veta madre), making the same angle 
with the meridian as the veins of Zacatecas, Tas- 
co and Moran (N. 50° W.), has been worked 
successively on a length of 12,000 toises, and a 



thickness of 30 to S5 toises. It has furnished, in 
S30 years, more than 180 millions of piasters, and 
traverses both porphyiy and transition-slate. The 
first of these rocks forms, at the east of Gua- 
naxuato, gigantic masses, that have at a distance 
the most singular aspect, resembling walls and 
bastions. These perpoidicular ridges, rising more 
than 300 toises above the surrounding plains, bear 
the name of buffos ; they are destitute of metals, 
appear to have been heaved up by elastic fluids, 
' and are regarded by the Mexican miners, who see . 
them placed also at Zacatecas on a very metalliie- 
rous transition clay-slate, as a natural indication 
of the riches of those countries. When we con- 
sider the porphyries of la Buffii de Guanaxuato, 
and those of the formeriy celebrated mines of fiel- 
grado de San Bruno, la Sierra de Santa Rosa, and 
Villalpando, in the same point of view ; we think 
we perceive in their latest strata, passages to rocks 
which, in Europe, are generally placed among 
trachytes. 

In the vicinity of Guanaxuato, porphyries pre- 
dominate, which have a paste of compact feldspar, 
are grey and olive-green, and contain imbedded la- 
mellar feldspar (not glassy), either in crystals almost 
microscopic(Bufla), orin very large crystals(mines of 
San Bruno and Tesoro). Decomposed hornblende, 
which probably tinges with green the whole mass of 
these rocks, is only distinguished by irregular spots. 
In ascending towards the Sierra (Puerto de Santa 
Rosa, Puerto de Varientos), the porphyry is often 
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composed of balls with concentric layers; its paste 
becomes darkish-grey, semi-vitreous (pitchstone- 
porphyry), and contains a little crystallised mica 
and grains of quartz. The auriferous veins near 
Villalpando traverse a green porphyry with a base 
of phonolite, in which we only perceive some small 
and thin crystals of glassy feldspar. It is difficult 
to distinguish this rock from trachytic porphyry- 
slate J I have seen it covered with an earthy yel- 
lowish-white porphyry (mine of Santa Cruz), and 
with an ancient conglomerate (boca de ta mina de 
Villalpando), which evidently represents the red 
sandstone, and the lower beds of which pass to 
grauwacke. 

The porphyries of the equinoxial region of 
Mexico contain, although rarely, besides some dis- 
seminated garnets (Izmiquilpan and Xaschi), sul- 
phuret of mercury (San Juan de la Chica ; Cerro 
del Fraile, near the villa of San FeUpe i Gasave, at 
the northern extremity of the valley of Mexico), 
tin (£1 Robedal, and la Mesa de tos Hernandez), 
and alumstone (Real del Monte, according to M. 
Sonneschmidt). This latter substance seems to 
give to the porphyritic rocks a nearer affinity to real 
, trachytes ; although, in South America (peninsula 
of Araya, Cerro del Distiladero and Chupariparu), 
I saw a clay>&late which belonged rather to the 
primitive than to the intermediary formation, tra- 
versed by veins, I will not say, of alumstone 
(alumstein), but of native alum, of which the In- 
dians sell pieces of the size of an inch, at the mar- 



ket of Cumana. The cinnabar of the porphyries 
of San Juan de la Chica, the argillaceous beds of 
Durasno containing both coal and cinnabar and 
placed on a porphyry with much hornblende, are 
phenomena well worthy of attention. The geo- 
gnosts who, like mysdf, attach more importance to 
the position than to the oryctognostic composition 
of rocks, will, no doubt, connect the porphyries 
and clays of Davasno with the deposites of mercury 
which the formation of the red sandstone and por- 
phyry exhibits in both hemispheres (duchy deDeux- 
ponts and Cuen9a, between Quito and Loxa). The 
last beds of the transition formation are found 
every where in close connection with the most an- 
cient beds of the secondary formation. 

The celebrated silver vein of Bol^os contains its 
greatest riches in an amygdaloid interposed in 
porphyry. In Hungary, England, Scotland, and 
even in Germany, rocks of amygdaloid and por- 
phyry belong to grauwacke, to clay-slate, to trans- 
ition limestone, to red sandstone, and to coal 
sandstone. The metalliferous porphyry of Gua- 
naxuato simply covers clay-slate, without forming 
in it subordinate beds (as in the group § 22) ; but 
a syenite analogous to that which occurs in the 
mine of Valenciana, in the midst of intermediary 
clay-slate, alternates thousands of times, on a sur- 
face of more than twenty square leagues, with 
transition greenstone, between the mine of the 
Esperanza, and the village of ComangUlas. In 
that region the syenitic rock is destitute of metals, 



241 

but at Comanja it is argentiferous, as it is also in 
Saxony and in Hungary. 

b. In the (tustrcd hemisphere. Between the 5th 
and 8th degrees of latitude I saw porphyritic rocks, 
intimately connected together, covering the eastern 
and western declivities of the Andes of Peru. These 
rocks repose either on mica-slate (of transition ?) 
traversed by argentiferous veins (Mandor, El Pare- 
ton), or when mica-slate is wanting, upon granite. 
Some are divided into immense columns (Paramo de 
Chulucanas), or very regularly stratified (Sondorillo). 
Their base is black and almost basaltic ; they contain 
more pyroxene than feldspar, and alternate (Que- 
brada de Tacorpo) with beds of jasper and com- 
pact feldspar. The latter, destitute of disseminated 
crystals, is black, like lydian stone, and reminds us by 
its colour and homogeneous nature, of some of the 
basanites used by the ancients. Other porphyries 
(N. S. del Carmen, at the north of the Indian 
village of San Felipe) have a less trachy tic appear- 
ance, furnish rich silver veins, and are covered 
sometimes by beds of quartz three or four toises 
broad, sometimes by compact limestone (alpine?), 
darkish-blue, traversed by small veins of calcareous 
spar, and filled with petrified shells (hysterolites, 
anomiae, cardia, and fragments of large polytha- 
lamous shells, which are rather nautilites than am- 
monites). In descending (still on the eastern de- 
clivity of the Andes) towatds Tomependa, on the 
banks of the river Amazon, I saw, between Sonanga 
and Chamaya^ the old red sandstone (todtes liegende) 
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superposed on an earthy greyish porphyry, con- 
taining (like that of Pucara) a great quantity of 
hornblende, and a little common feldspar. We 
iind, on the western declivity of the Andes, in ap- 
proaching the coast of the South Sea (between 
Namas and Magdalena) porphyries altogether des- 
titute of hornblende, and supporting that great 
formation of quartz which replaces the red sand- 
stone in this region. I stated above (§ 18.), that 
this porphyry, far from being primitive, appeared to 
me to be the most ancient of the transition por- 
phyries. This result can only be stated doubtfully ; 
for, between Ayavaca, Zaulaca, Yamoca ($ 8.), and 
Namas (province of Jaen de Bracamoros, and the 
intendance of Traxillo), it is very difficult to deter- 
mine with certainty the age of the granite, syenite, 
and clay-slat^ on which the intermediary porphyries 
or porphyritic trachytes repose. When the relations 
of superposition are not exactly known, we ought 
to be cautious in pronouncing on a formation, the 
geognostic constitution of which is so complicated. 

B. Group of Hungary, 

The formation of syenite and porphyritic green- 
stone contains the principal mineral riches of Hun- 
gary and Transylvania (Schemnitz, Kremnitz, Hoch- 
wiesen, and Koenigsberg; the Bannat, Kapnak, 
and Nagyag). We shall describe this formation 
from the observations of M. Beudant, which are not 
yet published. • The formation of Hungary is 

■ M. Beudant's work hu aince been published. Trans. 
16 
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much less simple than that of Mexico, with which, 
however, it is found to have a great analogy. The 
rocks that constitute its principal mass are por- 
phyritic rocks with a base of compact feldspar 
coloured green ; they contain hornblende like the 
porphyries of equinoxial America, which I have de- 
scribed above, and are ahnoat destitute of quartz. 
This latter substance appears only in the subordin- 
ate beds of syenite, granite, gneiss, and compact 
greenstone, to which the porphyritic rock passes. 
In New Spain, the porphyries with gold and silver 
veins have a paste apparently homogeneous, most 
frequentiy slightly coloured ; in Hungary, por- 
phyric greenstones, and not true porphyries, are the 
predominating rocks. According to simple orycto- 
gnostic considerations, that is to say, those of com- 
position, the auriferous formation of Hungary re- 
sembles much more the Mexican formation of 
Ovexeras, in which syenites and greenstone, more 
or less porphyritic, alternate, than those great 
masses of porphyry that traverse the celebrated 
veins of Pachuca, Real del Monte, Moran and 
Guanaxuato (at the south-east of the mine of Bel- 
grade) ; but, geognostically considered, all those 
porphyritic and syenitic rocks of Mexico and Hun- 
gary constitute but one formation, sometimes simple, 
sometimes composed (with alternations). 

The porphyritic and syenitic rocks of Hungary, 

the most compact as well as the most mixed, contain 

carbonate of lime, and elfervesce with acids. This 

character is found in the Mexican rocks in an ana- 

B 2 
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logous position, but not in the superimposed tra- 
chytes. Glassy feldspar is much more rare in the 
porphyries with a greenstone base of Hungary, 
than in the Mexican porphyries; it occurs only 
(Hochwiesen, Bidhijtte) in the upper and earthy 
strata, particularly where the trachytic formation 
commences. Oxidulated iron abounds where the 
hornblende appears in very distinct crystals ; gar- 
nets (which we have already mentioned above in 
the Mexican porphyries of Zimapan, and those of 
Potosi, on the eastern ridge of the Andes of Peru) 
penetrate to the middle of the prisms of hornblende. 
Although, in the great formation of syenite and 
porphyritic greenstone of Hungary, the varieties 
of rock pass frequently into each other, we may 
observe, in general, the following type of association 
and of superposition ; the lower part of the whole 
system is formed by syenites, coarse and fine 
grained, passing to a talcose granite (Hodritz) and 
to gneiss ; the middle part is composed sometimes 
of compact greenstone, with a black paste almost 
destitute of disseminated crystals, sometimes of 
porphyritic rocks with a base of pure feldspar, or a 
base of feldspar and hornblende mixed, containing 
Imbedded crystals of common feldspar (lamellar), 
hornblende, a little mica and garnets, and very 
rarely quartz ; the upper part exhibits porphyritic 
greenstone decomposed and extremely auriferous. 
It is only this last layer that sometimes contains 
glassy feldspar, laumonite, mica, and (as in equi- 
noxial America) veins of red jasper. In the earthy 



greenstones, which are of a more simple structure 
because they do not alternate with syenite, granite, 
or transition gneiss; compact basaltiform masses 
are found (vaUey of Glashiitte) divided into prisms, 
and a black porphyritic greenstone with a base of 
hornblende and feldspar. This greenstone con- 
tains very small acicular crystals of hornblende, 
numerous lamimc qf black mica, and t^rusef of white 
and red quartz. 

The beds subordinate to the great formation of 
syenite and porphyritic greenstone of Hungaiy, 
are mica-slate (valley of Eisenbach) ; compact 
quartz, sometimes laminar and micaceous, some- 
times granular passing partially to a dull flint with 
a smooth fracture (western basin of Schemnitz) ; 
steatitic limestone, sulphur-yellow, greenish, or red- 
dish, with garnets disseminated in the mass ^'^^ 
accompanied by serpentine (Hodritz). All this 
system of syenitic and porphyritic rocks is very di- 
stinctly stratified in Hungary as well as in Mexico ; 
but in the former of those countries the direction 
and inclination of the strata are uniform only in the 
same group of mountains. It is not easy to deter- 
mine with certainty the nature of the formation on 
which the syenites and porphyritic greenstones of 
Hungary repose. M, Beudant believes that they 
are of a more recent formation than grauwacke, 
which is not developed in Hungary where the por- 
phyritic greenstone predominates. Talc-slate, al- 
ternating with greyish crystalline limestone, and 
probably belonging to the most ancient transition 
R 3 
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fonnation, appeared to that learned geognost, as 
well as to M. Becker, to serve as the basis of the 
syenitic and porphyriUc formation. This analogy 
may be added to the others which this formatim 
presents with the homonymous fonnation of Mexico. 
In Hungary, as well as in the New Continenti por- 
phyry, syenite, and greenstone are immediatdy 
covered by trachytes and trachytic conglomerates 
containing obsidian and pearlstone. In Auvergne 
(Mont-d'Or, Cantal); in the Greek islands (Aigen- 
tiera, Milo, Santorino), viuted by an excellent ob- 
server, M. Hawkins; at Unalaska, recently explored 
by M. de Chamisso, and by the expedition of Cap- 
tain Kotzebue, the same relations of position are 
observed between trachytes and ti'ansition porphy- 
ries. At the mountain of Kasbeck, in the Caucasian 
chain, an intermediary porphyry, which alternates 
with syenite, granite, gneiss, and transition clay- 
slate, contains also glassy feldspar ; it even presents 
in some strata every appearance of a porous tra- 
chyte. Thus, on the most distant points of the 
globe, in America, Europe, and Asia, we see that 
porphyries oscillate between transition rocks and 
very ancient volcanic rocks. 



C. Group qf Saxony. 

We do not here speak of the porphyry whicli forms 
with greenstone and darkish-grey limestone (Fried- 
richswalde, Seidwitzgrund) subordinate beds in 
uansition slate (§ 22.)» but of the great formation 
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of syenite and porphyry which Weraer designated 
by the name of the principal formation, (_Hauptni- 
ederlage). That illustrious gepgnost distinguished 
four formations of porphyry ; the first forming 
beds, (or rather veins?) in gneiss and primitive 
mica-slate ; the second alternating with syenite ; 
the third belonging to the coal sandstone, and con- 
taining greenstone, pitchstone, and agathiferous 
amygdaloids ; the fourth, interposed in trap rocks 
(volcanic). These four formations, the first of 
which does not probably constitute an independent 
f(»instion, are, as I have elsewhere stated (^Voyage 
to the Eqiiinoxial Regions, t i. p. 155.)» porphyries 
interposed in primitive rocks, transition porphyries, 
secondary porphyries, and trachytes (trapporphyre). 
The principal Jbrmation of porphyry and syenite of 
Saxony reposes on transition slate (with grau- 
wacke), and consequently, where clay-slate is not 
developed, on more ancient rocks. The syenite, 
which alternates with porphyry (Meissen, I<euben, 
and Prasitz ; Suhl) passes into granite and gneiss. 
Transition granite is generally coarse-grained, com- 
posed of reddish feldspar, smoke-grey quartz, and 
black mica well crystallised (Dohna, Posewitz, 
and Wesenstein). Transition gneiss (Meissen) is 
more rare than granite, and forms beds in syenite, 
like granular and white limestone (Naundorf ) and 
greenstone which passes to basalt (Wehnitz). The 
presence of the syenite formation, which contains, 
in the valley of Plauen (as in Norway), some dis- 
seminated crystal^ of zircon, is often manifested 
H 4 



only by beds of granite ; for, the frequent and 
local substitution of mica for hornblende^ and of 
hornblende for mica, characterises the ayenitic 
formation abounding in brown sphene (braxmiaen^ 
akanerz), which is a silicate of titanium and lime. 
The unstratified porphyry of Saxony has generally 
a base that is red, greyish, argillaceous (thonpor- 
phyr), the result of the decomposition of the com- 
pact feldspar ; this base, according to M, Bou^ some- 
times takes the aspect of clinkstone (klingstein). 
This porphyry contfuns scarcely any hornblende 
and is not without quartz, like that of Mexico and 
Hungary. We find in it common feldspar, quartz 
crystallised in double hexahedral pyramids, and 
sometimes a little mica. The group of porphyries 
and syenites of Saxony are somewhat metalliferous ; 
the syenite stratified in thick beds of Scharfenbeig 
affords veins of silver, and the porphyry of Alten- 
burg sometimes contains tin. 

In the valley of Piauen, near Dresden, is found 
the rock to which Werner first gave the name of 
syenite, beUeving erroneously that all the Egyptian 
obelisks preserved at Rome contained hornblende, 
M. Wad (Foss. Mgypt. Muset Borgiani, 1794, 
p. 6. and 48. ; Zoega, de Obeliscis, p. 648.) has 
proved that these obelisks, the finest of which, 
speaking mineralogically, is that of the Piazza 
Navona, are of true granite, with black agglome- 
rated mica, without hornblende. In fact, there 
does not exist any formation at Syene independent 
of syenite and intermediary porphyry ; but pri- 



mitive granite, not perhaps of a very- ancient foriA- 
ation» contuns there hornblende (as at the OroOi- 
noko, at Spitzber^ near Kmmmhubel in i^ena, 
and near Wiborg in Finland) disseminated in sub- 
ordinate beds of little extent, and extending irregu- 
larly. In a classification of rocks, the rock of Syene 
shotdd be considered as a granite containing horn- 
blende, and not as a syenite. Some insulated frag- 
ments of that rock, which are found amongEgyptian 
monuments, deceived Werner by the oryctognostic 
analogy which they present with the syenite of the 
valley of Flauen. 

Formations of porphyry and syenite, entirely 
similar to that of Saxony, and placed on transition - 
slate and grauwacke, are common at Thiiringer- 
wald in Moravia (between Blansko, Briinn, and 
Znium), according to M. Bou6 ; and according to 
M. Rozidre, in the peninsula of Mount Sinai. 
The latter merit particular attention. Intermedi- 
aiy schistose and arenaceous rocks cover a part of 
Arabia Fetrea. In the midst of those rocks which 
contain conglomerates with fragments of granite and 
porphyry (universal breccia of Egypt, in the lan- 
guage of antiquaries), syenites occur, and porphy- 
ries with a base of siliciferous compact feldspar, 
containing imbedded ciystals of lamellar feldspar, 
a little hornblende, and also quartz, according to 
M. Burckhardt. The porphyries are generally in- 
ferior to the syenite, and the latter, of which the 
tables of the law were probably composed, and 
which it is believed are buried at Djebel Mousa, 



is accompanied with blacJdah compact greautonc 
(gulph of Akaba) and porphyiitic greenstone. 
All this fonnation in Arabia Fetrea, of which I 
have exiunined numerous specimena, resembles in 
the most striking manner, the porphyiitic and 
syenitic formations ofOvexeras andGuanaxuato, in 
Mexico. By substituting with M* RtaaAre, the 
word shuuta for that of syenite^ we should have 
given to the transition rocks, which are composed 
of hornblende and feldspar sometimes mixed with 
a little quartz and mica, a more exact geographical 
name — a name which (like that of Jura limeatone) 
not only recals the rdations of compoution, but 
also those of position. 

D. Group qf Norway. 

S SI. This is the series of rocks described by 
two celebrated get^piosts, professor Hauasmann, 
and M. Leopold de Buch ; it is this in which the 
formation of granite posterior to calcareous rocks 
containing the remains of organised bodies is best 
devel<^ped, and which has consequently thrown 
much light on the true nature of the rocks of trans- 
ition. This class of rocks was at first considered 
only as an association of grauwacke, carburetted 
schist, and black limestone; but by degrees it 
was observed, that the great mass of porphyries, 
long called primitive porphyries, belonged either 
to the transition formation, or even to the red 
sandstone. The syenites of Meissen had been 
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united to the iatermediary porphyries; but al- 
though the fonner want hornblende, and pass 
insensibly to transition granite (Dohna), this phe- 
nomenon, the new appearance of granitoid rocks 
altogetiier analogous to {»iniitive rocks and cover- 
ing both black porphyries with pyroxene and > 
orthoceratite hmestone, began to engage the atten- 
tion of geognosts only when the shores of the gulph 
of Christi^iia were described in their wonderful 
relations of superposition. 

The zircons, which have given so much celebrity 
to the syenite of Holmstruid, and of Stromsoe, are 
found abundantly in the syenites of South Green- 
land (according to M. Giesecke, near Cape Com- 
fort, at Kittiksut and Holsteensberg) ; they are also 
disseminated, in very smaU masses, in the syenites 
of Meissen, and of the valley of Plauen. This sub- 
stance, in other localities, belongs rather to primi- 
tive rocks (for instance, to gneiss) ; for, although 
zircon, titaneous iron, spbene, epidote, glassy feld- 
spar, chiastolite, lydian stone, diallage, hornblende* 
and pyroxene, particularly abound in certain form- 
ations, we must not consider those associations as 
characters of absolute value. The accumulations 
of zircons in the syenites of Christianiafiord is 
much less remarkable with respect to geogonic pro- 
blems, than the number of vacuities, the cavernous 
and fissured structure of those very transition sye- 
nites that are connected with basaltic and pyrox- 
enic porphyries. Since, by the frequent analojpes 
observed between the porphyry and syenite fwra- 
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ation of Christiaiiia^ and the transition formations 
of Caucasus, Hungary, Gennany, the west of 
France, Greenland, and Mexico, geognosts are no 
longer astonished at feldspathic and crystallued 
rocks succeeding to grauwacke and limestone 
with entrochi and orthoceratites, the appearance of 
those very crystallised rocks, in the most ancient 
member of the series of secondary rocks, begins to 
engage their attention. Crystalline masses have- 
been observed in both hemispheres, composed 
of feldspar and hornblende or feldspar and py- 
roxene, osciUattTtg between volcanic formations, 
the intermediary formation, and the red sandstone. 
These oscillationst these intercalations of pro- 
blematic rocks, which we are tempted to re- 
gard as the effects of a successive penetration 
from below upwards, prove the close connection 
that exists between the most recent transition beds 
and the most ancient secondary and volcanic rocks. 
In the soiitliem part of the Tyrol, masses of 
granite and syeniticj porphyry appear to break 
out from the red sandstone, in the alpine lime- 
stone; and tliese curious phenomena of a/^erTUZ/ion, 
connected with so many others previously known, 
appear to forbid both at the separation of the coal 
sandstone from the porphyries of the intermediary 
formation, and the historical, and too exclusive 
denomination oi' pyrogenic rocks. 

The great formation of the porphyries, syenites, 
and granites of Norway, reposes on a formation 
oi transition slate, containing alternately, beds of 



black limestone, lydian stone, and perhaps even 
(for the position in this part is less evident) of 
granite. The black limestone (Aggerselv, Saasen) 
contains orthoceratites, several feet long, with 
entrochi, madrepores, pectinites, and (although 
very rarely) ammonites. Veins of porphyry and 
porphyritic greenstone, Irom two to fifteen toises 
thick, traverse clay-slate and limestone (Skialleb- 
jerg), and announce tlie approach to analogous 
masses of porphyry that repose, not immediately 
on clay-slate, but on an arenaceous rock (grau- 
wacke) by which tlie clay-slate is covered. Between 
Stromsoe, Maridal, and Krogskovn, grauwacke, in- 
stead of being found In beds in clay-slate, to which 
it belongs (§ SS.), forms a kind of upper layer, 
so that it is there seen to change from below to 
above ; primitive' gneiss, transition clay-slate, alter- 
nating with orthoceratite limestone ; gruiwacke, 
porphyry, with subordinate beds of greenstone ; 
granite and ayenite, with zircons, alternating vitii 
some beds of porphyry. Near Skeen and Holm- 
strand, the orthoceratite-limestone acquires so 
great a development, that clay-slate is there en- 
tirely wanting; and grauwacke is replaced by a bed 
of micaceous quartz. We there see from below 
upwards, primitive gneiss, transition limestone, 
quartz-rock ^ porphyry of which the lower bed is ot 
mandelatein ; and syenite with zircons. . The por- 
phyries of Christianiafiord, mixed by infiltration with 
carbonate of lime, are generally reddish-brown ; 
they have sometimes very slender crystals of la- 
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meliar feldspar, and are almost destitute of quartz 
lind hornblende. Crystallised quartz occurs only 
Between Angersklif and Revo. The paste of the 
jjorpliyry becomes occasionally black and porous 
iViig, Holinstrand). In this state, the rock re- 
lembles basalt, like tlie syenite of the peninsula of 
^ount Sinai," and contains crystals of pyroxene. 
A., de Buch, to whom I owe all these important 
, observes, that crystals of feldspar disappear 
proportion as the mass takes a darker tint, a 
phenomenon which I also remarked in several 
Iransition poi-phyries of Mexico. Mandelstein, of 
[vhich the elongated cavities are filled with car- 
bonate of lime, and which forms the inferior bed of 
; Norwegian poi-phyries of Skeen and Klaveness, 



VL 



TRANSITION BUPHOTIDE. 



$ 95. We must here distinguish, as among the 
syenites, between interposed beds and independent 
formations. Beds of serpentine axe found inter- 
posed in whitestone ($ 4.), in primitive mica-slate 
(§ 11.), and in transition clay>slate (S S^-)' ^^^^ 
respect to independent formations of euphotide 
(gabbro), which are often of a very complicated 
structure, we may at least reckon two, even if we 
reject the formation not covered by any other and 
rather doubtful, of Zdblitz in Saxony. The lirst of 
these independent formations occurs (§ 19.) on the 
limit of primitive and intermediaiy formations. It 
is that which M. de Buch has made known in 
Norway (Maggeroe, Alten), and M. Beudant in 
Hungary (Dobschau). The second formation be- 
longs to the newest transition rocks, and occurs 
on the limit of the intermediary and secondary 
rocks. The serpentine connected with the form- 
ation of ophite, observed by M. Palassou in the 
Pyrenees (valley of Baigorry, Riemont), in the 
department of Landes, has been considered as 
more recent But this ophite is a greenstone, an 
intimate mixture of feldspar, epidote, and horn- 
blende, in which beds of serpentine are interposed 
(Pousac); it passes by the change in the propor- 
tion of the elements, sometimes to Syenite, some- 
times to graphic granite. M. Bou^, who has re- 
cently examined this ophite on the spot, believes 
it to be :a transition formation, covered by variegated 
sandstone, clay, and secondary gypsum. 



tile iiortlieni limit of the Llanos of \ 
see, between ^'illa tie Ciira and M; 
siderable masses of serpentine, covt 
sandstone, reposing on green ciay-slati 
ition limestone, and sometimes immedi 
mitive gneiss. A small-graine<l green 
beds botb in clay-slate and serpentine, 
is even sometimes mixed with leldspa 
blende. Green and blue schists, greeni 
limestone, and serpentine traversed I 
copper, form but a single formation 
covered and intimately connected with 
amygdaloids, and phonolite. I have de 
remarkable position of the serpentint 
Venezuela, in the IGth chapter of my 
/Ac Equino-Ttal Regions of America. 

In the island of Cuba, the bay of Hava 
rates Jura limestone from a eiiphotide 
the lower beds of which alternate, not \ 
stone, but with a real transition avn 
pof iiunntv of wn.. 
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line calcedony, amethyst, and ores of copper. This 
rock is confusedly stratified (by groups, N. 55" E. i 
incl. 60* at S.W. or N. 90" E. ; inch 50° at N.)', 
springs of petroleum and water impregnated with 
sulphuretted hydrogen issue from tlience. 

To this formation of transition euphotide (§ 25.), 
the formation of Scotland (Girvan and Bellantrae), 
composed, according to M. Bou6, of serpentine, 
hypersthene rocks, and syenite, seems to belong, 
as also the celebrated formation of Florentine, 
(Prato, Monteferrato), described by MM. Viviani, 
Bardi, Brocchi, and Brongniart. Hypersthene often 
replaces diallage (Scotland, and Gemerode in Ger- 
many). With respect to the euphotides of Flo- 
rence, tliey have been lately the subject of some 
interesting discussions. They contain beds of red- 
dish jasper, sometimes striped, and which appear 
superposed, according to M. Brocchi, like those of 
Styria, on grauwackes and transition limestone. 
M. Brongniart thinks that the arenaceous form- 
ation, or, as he calls it, the calcareo-psammitic 
formation of tlie Apennines, which serves as the 
basis of jaspiferous euphotide, is either a very 
ancient secondary rock, or a very modem trans- 
ition rock. This geognost has made known the 
near connection that exists between the serpen- 
tine of Italy imd the jasper formation. The 
latter generally constitutes the lower strata of the 
euphotides. 

Here the series of intennediaiy formations ter- 
minates. We have enlarged tiie more in their de- 
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SECONDARY FORMAT 

I. The great depoiite of coaly red sand 
porphyry (amygdaloid, greenstone, pitchst 

II. Zechstein (alpine limestone, magnesi 
times interposed in the red sandstone, hyd 
salt. 

III. Alternating depositesy arenaceous a 
and oolite), placed betvoeen the zechstein and 
here only mention two tjrpes very similar 
relations, beginning each series by the moe 

FIRST TYPE. 

Gr^ bigarr^f variegated sandstone (with o 
fibrous gypsum and traces of rock-salt. 

Muschelkalk (Mmestone of Gottingen). Qu 

Jura limestone^ in several beds of porous 
stone ; marly limestone, with bones of the ii 
oolites, limestone with madrepores (coral r 
fossil fish and crabs. 

Clay toith lignite. . 

Green *«»//•''**- — ' 



TERTIARY FORMATIONS. 

Depotilet above the chalk. Their order of succ^uion differs 
according to (lie alternation of the partial formations which 
are found more or leas developed. We present the moat 
complicated and the best known type : Plattic day mth 
lignite, amber, and quartzoae aandatone. (A formation nearly 
parallel, and perhaps still newer, is that of the molasse and 
nagelfluhe of Argovia, with lignite and fossil bones.) 

Coarse litnettone (calcaire grossier) of Pari*. The upper 
and beds are of sandstone. 

Marl and gyptum with bonet. The lower strata are of siliceous 
limestone. 

Sandttone and tands of Fontainbleau, upper Jretk-Katerjanit- 
ation. (ESIiceous millstone; limestone of d'CEningen, perhaps 
connected with the molasse. TravertJno.) Alluvial deposites. 

FORMATIONS EXCLUSIVELY VOLCANIC. 

I. Trachytic Formaiiont. 
Granitoid, and st/enitic trachgtes. 

Porphyriiic trachytet (feldapathic and pyroxouc). 
Phonolitet of the trachytet. 
SeTni-vilreotu trackytet- 
Pearlttone with obtidiati. 

Trachylic meuliere, cellular, with Hliceous nodules. 
( Trachyte and pumice conglomerala, with alum-stone, sulphur, 
opal, and opalised wood.) 

II. Batabie Formaiiont. 

Bataht, with olivine, pyroxene, and a little hornblende. 

PhonoUtet ofbataltt. 

Doteritet. 

CeUvlar mandeUtein. 

Clay with pyn^-gamets. This latter formation aeems con- 
nected with the clay with lignite of the tertiary formation, 
upon which the basaltic currents have spread. 

(CongUmeralet and basaltic tcoria.) 

8 i 
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III. Lavafl that have isaued from a volcanic crater. Large 
if ancient lavas, generally abundant in feldspar. Mo- 
I in dielinct currents, and not broad ; obsidian, and 
Bbsi dian-pumice. 

Volcanic I'l/hs, with sheUs. 
I (Deposites of cuinpact limestone, marl, gypsam, and oolites 
Juperposed on the moat modern volcanic tufaa. These small 
local formations helong perhaps to the tertiary fonnatioas. 
Fable-tand of Kiobaniba, Fortavcutura and Laiicerote islands.) 

[ have stated above, llie reasons which led me to 
Tiake secondary and volcanic formations swcceed at 
, as by bisection, to the transition formations. 
The latter are connected by their grauwackes and 
ihyries, as well as by a great accumulation of 
on, to the red sandstone, secondary porphyries. 
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SECONDARY FOKMATIONS. 

These ibnnations are very unequally developed 
on the globe, and the cause of this inequality of 
developement is one of the most interesting pro- 
blems of geogontfLOT historical geology. We rarely 
find all the members of the series of secondary 
and tertiary formations together in the same coun- 
try (Thuringia, Hanover, Westphdia, Bavaria, 
south of fVance, centre and south of England) ; 
considerable formations, for instance, red sand- 
stone, or alpine limestone, are often entirely want- 
ing ; sometimes the second is contained in the first 
like a subordinate bed ; at other times, all the terms 
of the geognostic series, between the alpine and 
Jura limestone, or those which are posterior to the 
chalk, are suppressed: In the Scandinavian pe- 
ninsula, on the coast of the sea of Behring, and (if 
we except the sandstone with hgnites which covers 
the bas^ts); even in Greenland, this suppression 
extends over alt the secondary and tertiary form- 
ations. It was long believed that this singular 
phenomenon was cdnfihed to the frigid zone, and 
particularly to that part contained between the 60° 
and 70° of latitude ; but I have also found in a 
vast space of the Sierra Parima, near the equator, 
between the basin of the Amazon, and that of the 
Lower Oroonoko, (lat 2° — 8°, long.. 65" — 70°) the 
primitive formation of granite-gneiss not covered 
by intermediary, secondary, or tertiary formations. 
Where there is a complete deficiency of the form- 
s 3 
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kions posterior to the developement of organised 
Beings on the globe, limestone oftener than saiid- 
loiie fbi'niatioiis are wanting, for every f'oitnation 
lot schistose has breccias or conglomerates wluch 
Jre peculiar to it These conglomerates are small 
lartial dcposites that must not be conibumled with 

fie great independent formations of grauwacke, 
lid red sandstone, variegated sandstone, and quader- 
landstein. 



COAL, KED SANDSTONE, ANII SFXONDARY POR- 
PHYRY, WITH INTERPOSED AMYGDALOID, GREEN- 
STONE, AND LIMESTONE. 
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of positions, if by degrees, those vague denomi- 
nations were abandoned of ancientj intermediary ^ 
and new sandstone^ lower and upper sandstone, and 
gypsum, and limestone of the Jirst^ second^ and 
third formation.. They are: only relatively true, 
in particular places ;- and they enumerate what is 
numerically variable, according to the alternations 
and suppressions of Afferent terms of the series. 

The transition formation not only affords an^^ 
thracite, but also true coal. We find small depa» 
sites in England in the old red sandstone (Bristol), 
the lower of whicb beds pass from a fine and 
marly conglomerate to a very compact grauwacke ; 
and in the mountain limestone (Cumberland), 
which is analogous to the transition limestone of 
Namur in Belgium^ and Prague in Bohemia. 
But the great deposite of coal (coal measures) oc- 
curs, as we have said above, on the limit of inter- 
mediary and secondary rocks. On account of 
this very position, the coal is sometimes mixed 
(England, Hungary, Austria, south of the Da- 
nube, Belgium) with arenaceous beds connected 
with true grauwackes ; sometimes (and it is the 
type most generally known on the Continent, 
since the observations of Fuchs and Lehman, made 
towards the year 1750) it belongs to the great 
formation of porphyry and red sandstone. In the 
first case (En^and), the deposites of coal follow 
the inclination of the transition rocks, to which 
(as MM. Conybeare and Phillips have judiciously 
observed), they are more particularly connecte4 

s 4 



and arc found as much inclined as the black lime- 
stone and grauwackes which they cover. The 
series of horizontal and secondary formations there 
appear to begin only with magnesian limestone* 
which represents the zechstein or alpine lime- 
stone. In the second case (Germany and France)* 
the coal deposite accompanies t)ie 'red sandstone 
and porphyry, whatever may be the primitive or 
intermediary formations on which those two rocks 
are immediately placed. This constant union 
with superposed rocks, and want of connection 
with the lower formations, are the surest geo^os- 
tic characters of the dependence or independence 
of a formation. The great deposite of coal is often 
neither covered with porphyry, nor red sandstone* 
nor mixed with arenaceous beds belonging to in- 
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ation of alpine limestone. Notwithstanding these 
appearances of being insulated and independent, 
coal and rock-salt do not the less belong, geo- 
gnostically, one to the red sandstone, and the other 
to alpine limestone or zechstein. The impressions 
of arborescent ferns, as MM. Voigt and Brong- 
niart have well observed, characterise the epoch 
of true coal, while they do not appear in the 
lignites. 

' In the temperate zone of the old continent 
coal decends as far as tiie lowest parts of the shore. 
We find at Newcastle on Tyne, at the level, and 
below the bottom of the sea, iifly-seven beds of 
hardened clay and conglomerate, alternating with 
twenty-five beds of coal. In the equinoxial region 
of the new continent, I saw, on the contrary, coal 
interposed in the red sandstone and rising in the 
table-land of Santa F^ de Bogota (Chipo between 
Canoas and Salto de Tequendama i mounbun of 
Suba; Cerro de losTunjos), to 1360 toises above the 
level of the ocean. Coal is also found in the south- 
em hemisphere, in the loily Cordilleras of Hua- 
Focheri and Canta ^ I was well assured that they 
occur near Huanuco (interposed with alpine lime- 
stone,) very near the limit of perpetual snow, at 
the height of 2300 toises, consequently above all 
all phanerogamous vegetation. Deposites of coal 
abound beyond the tropics in New Mexico, in the 
middle of the salt plains of Moqui and Nabajoa, 
and to the east of the rocky mountains, as also 
towards the sources of the Rio Sabina, in that 
immense baun covered with secondary formationst 
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in which flow the Missouri and the Arkansas. 
Rhomboiilal fibrous masses, having a silky lustre, 
and staining the fingers, are found imbedded in 
the compact coal of both continents ; tliey form 
kind of breccia, which the miners consider as 
containing fragments of carbonised wood ; some- 
times the shining masses are almost incombustible, 
and seem a kind of anthracite with a fibrous tex- 
ture (faserkohle d'Estner, mineralische holzkolile 
of Werner). They are found, according to the 
observations of MM. de Buch and Karsten, col- 
lected (Lagiewnick in upper Silesia) in beds from 
four to five inches tliick. This phenomenon merits 
(articular attention ; for tlie coals which contain 
tlie imbedded ti-agments with a silky lustre, belong 
to the bes^ characterised red sandstone, and not to 
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with steep declivities. When transition formations 
are immediately covered by the red sandstone (Sax- 
ony) it is often difficult to decide, if the porphy- 
ries found in the proximity of coal are transition 
porphyries, or if they belong to the red sandstone. 
It f^pears also that porphyries form real beds less 
frequently than crossing and intenningled masses 
(stehende Stocke and Stockwerke) in the coal for- 
mation. They vary much in colour; th^ are 
violet, grey, and reddish-brown, verging on white 
(Petersbeig near Halle, Giebichenstein, Wettin), 
penetrated byfluate of lime unstratiiied* sometimes 
divided into tiun plates, and accompanied by 
porphyritic breccias. The base, or paste of those 
porphyries, besides containing imbedded lamellar 
feldspar that is sometimes steatitic, blackish quartz, 
and a little brown mica and hornblende, is ge- 
nerally formed of compact feldspar. This paste 
passes to kaolin (Mori near Halle) ; at other times 
it becomes black and almost basaltic (Lobegiin 
in Saxony, Schulzberg in Silesia), cellular, and 
as if scorified (Plizgrund near Schmiedsdorf in 
Silesia), or passing to phonolite (Zittau in Saxony). 
The same' luialogies are sometimes remarked in 
the porphyries, amygdaloids, greenstones, and py- 
roxenic rocks of the red sandstone (Saxony, Silesia, 
Palatinate, Scotland), with the rocks exclusively 
called volcanic, as are found in the porphyries 
and syenites of intermediary formation (Hungary, 
Norway, Mexico, Peru). M. de Buch saw in Si- 
lesia porphyries of the red sandstone abounding in 



rrystals of hornblende (Reichmacher near Fried- 
hI), or containing also imbedded quartz (Wilden- 
rg near Jauer), and slender crystals of glassy feld- 
spar. M. Boue observes, that in the red sandstone 
Tf Scotland, which, in general, is almost destitute 
If coal (with the exception of Dumfries), the inter- 
posed trap-rocks ha\'e elongated cavities with a. 
hining surtUce. This porous mandelstein of the 
. sandstone has all the appearance of interca- 
Jited volcanic rocks. 

Germany, at its northern extremity (isle of 

kugen), contains chalk and tertiary tbrmations, 

id at its southern, in the Tyrol (valley of Eisack, 

l^ollniann, Botzen, Pergine, Neumaikt), porphy- 

s of the red sandstone. The composition of these 

hyries of the Tyrol is identical with that of 

r contain, besides 



tliere; others assert, perhaps with more reason, that 
these pretended passages of porphyries to porplty- 
ritic breccias and red sandstone, are only the eifect 
of an illusion produced by regenerated porphyries, 
that is, by agglomerates which are formed at an 
epocha when the imbedded fragments were in a 
state too soft to preserve their outlines amidst 
the cement A porphyritic breccia (triimmer por- 
phyr) near Duchs in Bohemia, which M. Freiesle- 
ben and I described in 1793, and in which grains 
of quartz are mixed with broken crystals of quartz 
and feldspar, may throw some light on a phenome- 
non which has not yet been suflSciently investi- 
gated. It is very remarkable, and this observation 
has been long since made, that porphyries are 
wanting on the north of the Alps of Switzerland 
and the Tyrol, while they are very common at 
the southern decllvily of the Alps, between Lake 
Mag^ore'and Carinthia. 

The red sandstone is generally composed of 
fi'agments of the rocks that exist in the neigh- 
bouring mountains. In the north of Germany^ 
these fragments are more generally quartz, lydian 
stone, silex (homstone), porphyry, syenite, and 
clay-fllate, than gneiss, granite, and mica-date. 
The colour of the red sandstone is very variable ; 
' it passes &om reddish-brown to grey (graue lie- 
gende) ; these are sometimes mixed by veiy thiu 
beds, as in the variegated sandstone (gr^s bigarr^). 
The red tint of this formation is owing, according 
to'tiie opinion of several celebrated geologists, to 
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I the Jemiginous matter from the neighbouring por- 
Iphyries. Without invalidating 'the correctness of 
I this obseiTation with respect to a part of the ancient 
Icoiitincnt, I wish to express some doubts respect- 
ling tlie influence of porphyries on the formation 
lof the red sandstone in the equinoxial regions of 
Ithe new continent The sandstone of the vast 
Isteppes of Venezuela is reddish-brown, like the 
l/or//c liegende of Mansfeld ; it contains no frag- 
linents of porj)hyry, and no bed of intermediary or 
I secondary porphyry is known for several hundred 
llengues. It is the same with regard to the red 
Isandstonc of Fiinfkirchen and Vasas in Hungary, 
Bdescribed by M. Beudant. 

Where\er, in the formation § 'lii., coarse con- 
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carbonate of lime become sometimes so frequent 
that they give to the rock the appearance of a 
granular and arenaceous limestone (carboniferous 
mountains on the limits of Hungary and Galicia). 
These are the calcariferotis sandstones of M. Beu- 
danty mixed with green chloritic grains. With 
respect to the fragments imbedded in the red sand- 
stone, they are either angular and completely fixed 
in the mass, or rounded and flattened like the peb- 
bles of the most recent nagelfluhe. The formation 
of the red sandstone which constitutes the greater 
part of Ireland, and which is so common in the 
north of Germany, in the Black Forest, and the 
Vosges, is almost entirely wanting (like the form- 
ation of porphyries) in the high Alps of Switzer- 
land. The Niesen probably belongs to grauwacke, 
and M. Gruner believes that the vicinity of Mels, 
Bregentz, and Sonthofen, furnish the only con- 
glomerates which by their structure and position 
resemble the red sandstone. In the high Alps, as 
well as in several parts of Silesia (Schweidnitz) and 
Hungary (Dunajitz), the red sandstone contains 
imbedded alpine limestone, with which it alter- 
nates; in the circle of Neustadt in Saxony, the 
red sandstone is entirely wanting. 

The beds subordinate to the red sandstone, or 
alternating with it, are the following ; fetid lime- 
stone and strongly carburetted and bituminous 
slates, (kohlen-schiefer of Freiesleben), which de- 
note the close connection of the red sandstone with 
zechitein and mamo-bituminous slate (kupfer- 
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and Kirn ; IIt.'a\itrfC, Kxeter) ajjati 
prehnilc, and chabasio, and pcut'trat 
siires, into tlie mass oi' the red sand 
in Saxgny) ; coal alternating with r 
impressions of ferns ; anthracite (Si 
tween Altenberg and Zinnwald) bel 
particularly, according to M. Beudan 
phjTj' interposed in the red sandstone 
latter rock ; porphyiies, first altemati 
red sandstone, and tlien covering th 
rocky masses ; pechstein (quartz resit 
nite). Tlie true position of pechsteil 
has been observed by MM. Jameson 
Przystanowsky, and Schenk. This subl 
a [wrphyry with a semi-vitreous base, 
feldspar oflen shivered, and verj' little, 
blende, and crystallised quartz(valley ol 
The pitchstone contains imbedHw* '^ 
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in an arenaceous deposite with a basis of ar^lolite 
(thonstein). This d^osite contains imbedded an. 
gular fragments of gneiss and mica-slate, and be- 
longs to the red sandstone. The pitchstone of 
Grantola, at the lake Maggiore, is found in the 
same position ; that of Scotland contains naphtha. 
In Peru there is pitchstone (smoke-grey, almost 
without feldspar, and containing crystallised mica), 
in the road from Couzco to Guamanga, where it 
forms mountains; but, according to the observations 
of M.de Nordenflycht, this formation is subordinate, 
as in Europe, to porphyritic rocks. 

The whole of the formation § 26., which we now 
describe, is generally characterised by the absence 
of fossil shells. If a few are found, they belong to 
beds of limestone and carburetted schist (kohlen- 
schiefer) which are interposed in the red sandstone, 
and not to the mass of this formation, which, in the 
two hemispheres, contains in abundance only trunks 
of fossil wood, and other remains of monocotyledon 
plants (plains of Thuringia, KifFhauser, Tilleda ; 
plains of Venezuela between Calabozo and Cha- 
guaramas; table-land of Cuen9a, at the south of 
Quito). M. Adolphe Brongniart thinks, however, 
that the impressions of true palms are not found in 
this coal. 

I had the opportunity of obsemng the form- 
ation of red sandstone in the equinoxial region of 
the new continent, north and south of the equator, 
in six different places; in New Spain (from 1100 
to 1300 toises high), in the steppes or Llanos 

T 
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wacke ; the pieces of imbedded ^eirite and por- 
phyry become very small ; their outlines are indis- 
tinct and appear as if softened into the mass. Tliis 
conglomerate (irijdillo de Rayas) must not be 
confounded with thatof the mine of Animas, which 
is whitish-grey, and contains fragments of compact 
limestone. In the red sandstone of Guanaxiiato, 
as well as in that of Eisleben in Saxony, the cement 
is often so abundant (road from Guanaxuato to 
Rayas and Salgado), that the imbedded fragments 
are nolonger distinguished. Argillaceousbeds,from 
three to four inches thick, then alternate with the 
coarse conglomerate. The great formation of red 
sandstone, superposed on metalliferous clay-slate, 
appears in general only when supported by trans- 
ition porphyry (Belgrade, Bu£& de Guanaxuato) ; 
but we see it distinctly placed on the latter rock 
at Villalpanda I found no petrified shells, nor any 
trace of coal or fessil wood in the red sandstone 
of Guanaxuata These combustible substances 
occur frequently in other parts of New Spain, 
especially in those which are least elevated above 
the level of the sea. In the interior of New Mexico, 
cool is known not far from the banks of the Rio del 
Norte; other depositesof it probably are hid in the 
plains of Nuevo-Sant^ Ander and the Texas. At the 
north of Natchitoches, near the coal-mine ofChicha, 
subterraneous detonations are heard from time to 
time, from an insulated hill, occasioned perhaps by 
the inflammation of hydrogen gas mixed with at- 
mospheric air. Fossil wood is common in the red 
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I sandstone that extends towards tlie north-east of 
I the town of Mexico. It is also found in the im- 
Imense plains of the Intendance of San-Luis-Potosi, 
I and near the town of Altamira, The coal of Du- . 
Irasno (between Tierra-Nueva, and San-Luis de la 
1 Paz) is placed below a bed of clay containing fosail 
I wood, and over a bed of sulphuret of mercury 
I which covera the porphyry. Does it belong to 
I \'ery recent lignites ? or, ought we not rather to 
I admit that these combustible substances of Durasno^ 
I these clays and semi-vitreous porphyries (pechstein- 
I porphyre), globular and covered witii maminiUated 
I hyalite, porphyries which in other parts of Mexico 
I (San Juaii de la Chica ; Cerro del Fraile near the 
1 Villa of San Felipe) contain deposites of sulphuret 
mercury, are connected with the great fonn- 
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Essay on New Spain, by the name of lozero, or 
feldspathic conglomerate ; it is an arenaceous 
rock, reddish-white, and sometimes apple-green, 
which divides, like sandstone (Leuben or Wald- 
pkutenstein of Suhl), in very thin plates (lozas^ ; 
it contains grains of quartz, small fragments of clay** 
slate, and a quantity of crystals of feldspar partly 
broken and partly entire. These various substances 
are connected together in the hzero of Mexico, as 
in the rock of porphyritic aspect of Suhl, by an 
argillo-femiginous cement (Caiiada de Serena, 
and almost the whole mountain of that name). It 
is probable, that the destruction of the porphyry 
has had great influence on the formation of the 
feldspathic sandstone of Guanaxuato. The most 
experienced mineralogist might at first be led to 
take it for a porphyry with an argillaceous base, 
or for a porphyritic breccia. Around Valen- 
dana the hzero forms masses of SOO toises in 
thickness, and which exceed in elevation the moun- 
tains formed by the intermediary porphyry. Near 
to Villalpando a feldspathic conglomerate, with 
yeiy small grains, alternates by beds one or two 
feet thick, twenty-eight times with slate-clay of a 
darkish-brown. I saw every where this conglo- 
merate or hzero reposing on the red sandstone, 
and at the south-west declivity of Cerro de Serena, 
in descending towards the mine of Rayas, it ap- 
peared to me sufficiently evident that the hzero 
ibrms a bed in the coarse conglomerate of Marfil. 
I doubty consequently, if this remarkable formation 
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claystone (thonsfein). In tins state 
nislies the tine buikling-stoue of Qii 
ries ofCaietas and Guiniilpo,) whici 
esteemed for construction. I have 
fourteen feet high, and two feet < 
diameter, fiesh-red, brick-red, or p 
When in contact with the atmasphe 
colours change to gvey, probably by 
the air on the dendritic manganese 
the fissures of tlie rock. The colum 
taro have a smooth fracture, like that 
gri^hic Jura limestone. With difficulty 
in these claystones (argilolites) some 
fragments of clay-slate, quartz, feldspa: 
I will not decide, ii'the unbroken cryst 
or feldspathic sandstone are developed 
itselfi or ai-e found there accidentally, 
confine mysdf to the observation, th* 
this rfA - — -• ' 
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broken or entire, which are sometimes imbedded in 
the great formation of red sandstone of Mansfeld 
andThuringerwald. (Freiesleben,^u^, b.iv. p.8S. 
85. 95. 194>.'). 

S". Venezitela. The immense plains of Vene* 
zuela in South America(Liano8 of Lower Oroonoko) 
are, for the most part, covered with red sandstone, 
limestone, and g3^siun. The red sandstone is 
there disposed in a concceoe posUion (muldenfor- 
mige LageruDg) between the mountains of the shore 
of Caracas and those of Farima, of the Upper 
Oroonoko. It is connected at the north with trans* 
ition slate, and at the south reposes immediately 
on primitive granite. It is a conglomerate of 
rounded fragments of quartz, lydian stone, and 
kiesel-schiefer, united by an argillaceous and ferru- 
ginous cement that is olive-brown and extremely 
tenacious. This cement is sometimes (near Ca- 
labozo) of so vivid a red, that the people of 
the country imagine it is mixed with cinnabar. 
The coarse conglomerate alternates with a fine- 
grained quartzose sandstone (Mesa de Paja). 
Small masses of brown iron, and of the petrified 
wood of monoco^ledon plants are Imbedded in 
bo^. This arenaceous formation iscovered(Tisnao) 
by a whitish-grey compact limestone, analogous to 
t^t of Jura. Above this limestone we find (Mesa 
de San Diego and Ortiz) lamellar gypsum alter- 
nating with beds of marL I saw no fossil shells in 
any of these beds, whether arenaceous, calcareous,- 
gj^Meoos, or marley. The c^neart of the conglo- 
T 4 



mei'ate does not effervesce any whei'e witli acids,' 
and the sandstone of the steppes of" Venezuela ap- 
I peared to me to be far removed by its place and 
I composition from the nagel/luhe (sandstone with 
lignite) of the tertiary formation, with which it has 
I some analogy of aspect by the rounded fonn of the 
I imbedded fragmcTits. These arenaceous and Ume- 
I stone foi'mations do not rise above tbiily or forty 
toises of absolute height. In the eastern part of 
tlie Llano of Venezuela (near Curataquiche) fine 
pieces of ribband-jasper or Egyptian pebbles are 
dispersed on the surface of the soil. Do they be- 
long to the red sandstone, or, as near Suez, to a 
I more modern formation ? 

New Grenada. A formation of sandstone 
' immense extent covers almost without interrup- 
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and the platiniferous formation of Choco). I traced 
this sandstone of New Grenada, without losing sight 
of it, from the valley of Rio Magdalena (Honda, 
Melgar, 130 — 188 toises), by Pandi, as far as the 
table-land of Santa ¥6 de Bogota (1365 toises), and 
even above the lake of Guatavita, and the chapel 
of Our Lady of Montserrate. It leans oh the 
eastern Cordillera (that which separates the tribu- 
tary streams of Rio Magdalena from those of Meta 
and the Oroonoko), at more than 1800 toises of 
height above the level of the ocean. I dwell on 
these notions of mineralogical geography, because 
they furnish new proofs of the enormous thickness 
which rocks attain in the equinoxial regions of 
America. Several secondary formations (sandstone 
with beds of coal, gypsum with rock-salt; limestone 
almost without petrifactions), which, in the table- 
land of Santa ¥6 de Bogota, we should be tempted 
to take for a group of local formations filling a 
basin, descend as far as the valleys, of which the 
level is 7000 feet lower than this table-land. In 
going from Honda to Santa F€ de Bogota, the 
sandstone is interrupted near Villeta by transition 
clay-slate ; but the position of the salt-springs of 
Pinceima and Pizara near Muzo leads me to think, 
that on that side also, on the banks of the Rio Ne- 
gro (between the amphibolic and carburetted slates 
of Muzo containing emeralds, and the transition 
slates with copper veins of Villeta), the coal-sand- 
' stone and muriatiferous gypsum of the table-land 
of Bogota and Zipaquira are connected with the 



Iiomonymoiis formations which fill the basin of 
lllio Magdalena, between Honda and the streight 

pf Carare. 

This sandstone of New Grenada (wliere I was 
ble to examine it between 1." and 9° of nortii lati- 
lude,) is composed of alternate beds of fine-grained 
"puartzose and s!aty sandstone, and conglomerates 
Hhat contain angular fragments (from two to three 
Indies tliick) of lydiao stone, clay-slate, gneiss, and 
muartz (Honda, Espinal). The cement is argilla- 
leous, ferruginous, and sometimes siliceous, TI»c 
Kolours of the rock vary irom yellowish-grey to 
|)rownish-red : the latter colour is owing to iron ; 

I brown ironstone is every where found, very com- 
l>act, occurring in nests, small beds, and irregular 
yeins. The sandstone is stratified in layers more 
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is observed in ascending to the two chapels placed 
above the town of Santa F6, at 1650 to 1687 toises 
high, are uniformly composed of small quartzose 
grains. Scarcely any longer can fragments of 
lydian stone be observed ; the grains of quartz are 
so close together that the rock sometimes assumes 
the aspect of a granular quartz. It is this very 
quartzose sandstone that forms the natural bridge 
of Icononza These arenaceous rocks no where 
effervesce with acids. Besides brown iron-Btone» 
and (what is more extraordinary) some nodules of 
very pure graphite, this formation also contains, at 
every height, beds of a brown clay, soft to the 
touch, and not micaceous. This clay (Gachansipa» 
Chaleche, mountain of Suba,) sometimes becomes 
strongly carburetted, and passes to bituminous slate. 
The aperient ssdt of Honda (sulphate of magnesia), 
so celebrated in those countries, appears as an efflo- 
rescence on those argillaceous beds (Mesa de Fala- 
cios near Honda). The sandstone no where dis- 
plays varied colours disposed in zones, nor those 
insulated masses of clay of a lenticular form whidi 
characterise the variegated sandstone (bunte sand- 
stein), that is, the sandstone that covers alpine lime- 
stone, or zechstein. I saw the formation of sandstone 
we have just described, reposing immediately on a 
granite with tourmalines (Peiion de Rosa at the 
north of Banco, valley of the Magdalena ; cascade 
of la Pena near Mariquita), on gneiss (Rio Lumbi, 
near the abandoned mines <yf St. Anne), and on 
transition clay-slate (between Ako de Gascas and 



...Ill jet (pechkolile), between la 
diias (()()(.) toises), near\'elez and tl 
as also in the table-land of Bou'- 
Canoas, Suba; Cerro de los Tiinjc 
height of 1370 toises. Remains of ( 
of the animal kingdom are extremi 
sandstone. I only once found troch 
microscopic in an interposed bed 
del Portachuelo, at the south of Icoi 
coals of Guaduas and Canoas might 
more recent formation, superposed 01 
stone, but nothing appeared to me 
superposition. This piciform coal 
kohle) belongs, no doubt, rather to 1 
the tertiary sandstone and the basalt 
certainly forms small beds in the slat 
ferkohle), of the porphyry and red sa 
ation. 

The formations which cover the 
New Grenada, and which characterise 
more particularly as the red nor^A^^-- 
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differs nearly 900 toLses, we see the tliree form- 
ations of coal-sandstone, gypsum, and compact 
limestone, succeed each other very regularly from 
below upwards. The two latter seem to consti- 
tute but one formation, which represents alpine 
limestone or zechstein, and which, though gene- 
rally without petrifactions, contains some ammo- 
nites at Tocayma (valley of Rio Magdalena). 
Gypsum is often wanting, but at the great ele- 
vation of 1400 toises (Zipaquira, Enemocon, and 
Sesquiler) it is muriatiferous, furnishing deposites 
(salzthon) of rock-salt mixed with clay, which 
have been worked for ages on a great scale. 

From the whole of the observations which I 
have just stated on the position of the sandstone 
of New Grenada, I do not hesitate to regard that 
rock, which, in its developement is 5000 or 6000 feet 
thick, and which will soon be again examined by 
two learned travellers, MM. Boussingault and 
Rivero, as a red sandstone (todtes liegende), and 
not as a variegated sandstone (sandstones of Ne- 
bra). I am not ignorant that frequent beds of 
clay and brown ironstone belong more particularly 
to the variegated sandstone (gr^s bigarr^), and that 
the oolites are also often wanting in this sand- 
stone. I know also, that in £urope the variegated 
sandstone (placed above zechstein) presents some 
traces of coal, small beds of very quartzose sand- 
stone (granular quartz), and rock-salt, and that 
this latter substance belongs to it even exclusively 
in England. All these analogies would appear to 
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who have become acquainted with the different 
formations of sandstone, not from cabinet speci- 
mens, but from frequent excursions in the moun- 
tains, are well aware that if (by the suppression of 
alpine limestone, muschelkalk, limestone of Jura, 
and chalk) the red sandstone, the variegated sand- 
stone mixed with clay, quadersandstein which 
is not always white and quartzose, and molasse 
alternating with coarse pudding-stone (nagelfluhe), 
were immediately superposed on each other, it 
would be difficult to decide on the limits of these 
four arenaceous formations, of an age so different 
The red sandstone of New Grenada appears to 
dip, in the northern part of the basin of Rio Mag- 
dalena (between Mahates, Turbaco, and the coast 
of the sea of the Antilles), beneath a tertiary lime- 
stone filled with madrepores and marine shells, 
and constituting, near the port of Carthagena, the 
Cerro de la Popa. But when we rise to the height 
of 1400 toises, the formation of limestone and 
gypsum supported by the red sandstone, is covered 
(Campo de Gigantes, at the west of Suacha in the 
basin of Bogota) by alluvial deposites, in which I 
found enormous bones of the mastodon. From 
the too general tendency, perhaps, of the modem 
geognost, to extend the domain of intermediary 
and tertiary formations, at the expense of the se- 
condary formations, we might be tempted to re- 
gard the sandstone of Honda, the gypsum with 
rock-salt of Zipaquira, and the limestone of To- 
cayma and Bogota, as formations posterior to the 



According to tliis hypothesis, the coal of 
jiiaduos and Canoas would become lignites, and 
; rock-salt of Zipaquira, Eiiemocon, Sescjuiler, 
nd Chaniesa, entirely without vegetable remains, 
would be a formation parallel to the saliferous de- 
bositefi (with lignite) of Galicia and Hungary, 
whicli, in the opinion of M. Beudant, belong to 
[lie tertiary rocks. But the aspect of the country, 
mhe ahnost total of want of organised fossils, ob- 
lerved as far as 10,000 feet of perpendicular height, 
■he magnitude of the arenaceous and limestone 
weds uniformly extended, having no siliceous no- 
pules, and infiltrations very compact, and no where 
lixed with sand and other incoherent matter, is 
I to those ideas, I had almost said to those 
:roachments of tertiary formations on secondary 



(by Zipaquira, Enemocon Tausa, SesquUer, Ga- 
chita, Medina, Chita, Chamesa, and El Receptor), 
from south-west to north-east, in the same direction, 
on a distance of more than fifty leagues. In every 
region of the globe this disposition of salt>springs 
by bands (or fissures P) more or less prolonged is 
observed. When you advance towards the Oroo- 
noko from the saliferous plains of Casanare, the 
secondary formations disappear by degrees, and 
in the Sierra Parime, granite-gneiss every where is 
seen. On the banks of the Oroonoko only, near 
the great cataracts of Atures and Maypures, small 
fragments of ancient conglomerate superposed on 
primitive rocks are found. This conglomerate 
contains grains of quartz and (Isla del Guachaco) 
even fragments of- feldspar united by a cement 
which is olive-brown, argillaceous, and very com- 
pact Tliis cement, where it is abundant, exhibits 
a conchoidal fracture, and passes to jasper. This 
arenaceous rock, which, I believe, belongs to the 
red sandstone of the steppes of Venezuela, contains 
some very flat masses of brown iron ore, and re- 
minds us of those sandstones which in Upper Egypt 
and Nubia, repose also immediately on the gneiss- 
granite, gneiss of the cataracts of the Nile. 

4°. Table-land qf Quito. In the ancient hemi- 
sphere the Cordilleras of Quito exhibit the most 
extensive ' formation of red sandstone which I 
have hitherto observed. That rock, from 1300 to 
1500 toises high above the level of the sea, covers, 
on a length of twenty-five leagues, the whole table- 
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llaiul of Tarqiii and Ciicii9a ; which is become cele- 
Ibratcd by tiie operations of the French astronomers, 
lit rises in the Paramo de Saar as far as 1900 toises, 
land the thickness of the whole mass exceeds 800 
Itoises. It reposes at the north (Caiiar, southern de- 
Iclivity of Assuay) and south (Alto de Pulia near 
lLoxa)on micaceous primitive slate. The formation 
I of red sandstone, in the province of Quito, is co- 
I loured liy brown and yellow iron ore, of which it 
■contains numerous veins. The sandstone is gene- 
rally very arj^illaceons, with small grains of quartas 
1 little rounded ; but it is also sometimes slaty, and 
I alternates, as in Thuringia, with a conglomerate 
I that contains fragments of porphyry, of three, five^ 
land even nine inches in diameter. We find in this 
I formation, beds of clay, sometimes brown (Tambo 
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Cuen^a); granular and lamellar limestone (Portetc, 
at the western bank of Llano de Tarqui). This 
limestone formation, called, very improperly, in 
that country, riband-jasper, exhibits alternate beds 
of opake and saccharcA'd limestone, similar to the 
marble of Carara, and of fibrous and undulated 
limestone, with milky streaks. The whole mass is 
diaphanous like the finest eastern alabaster (mem- 
phitic or phengite marble of the ancients). I should 
have been tempted to take this rock of Tarqui, 
which is sought after by sculptors, like the alabas- 
ter of Florence and the marble of Tolonta (be- 
tween Chillo and Quito), for a variety of travertino 
or fresh-water formation, if it had not appeared to 
me at the south of Cuen9a, on the bank of the Rio 
Machangara (according to the inclination of the 
beds), to be interposed to the red sandstone which 
I have just described. We must, however, distin- 
guish this translucid and striped marble of Tarqui 
from the granular and opake limestone of Cebollar, 
which appears a little north of Cuenfa, and which, 
covered by red sandstone, is probably (§10.) super- 
posed on the mica-slate of Canar. In the volca- 
nic parts of the Andes, the table-lands or elevated 
basins are filled, some with secondary formations, 
covering transition porphyries j others with tertiary 
and ftesh-water formations, superposed on trachy- 
tic tu^. When well-informed geognosts shall be 
resident in the great towns placed at the back of 
the Cordilleras, towns which will become the 
centre of American civilisation, they will be en- 
V 2 ' 



Bbled to decide with certainty on those insulated 
portions of limestone, gypsum, and aTenace<HiB 
rocks, that are found at a height of between ISOO 
and 1600 toises. 

S°. Peru. The formation of red sandstone" of 
Cuen9a, which is covered on several p<nnt8 with 
beds of lamellar gypsum (Muney, Juncay, and 
Chalcay, at the west of Nabon), is found repeated 
in Upper Peru, at the height of 14-60 toises, in the 
great table-land of Caxamarca. The sandstone of 
Caxamarca is also argillaceous, without shells, and 
filled with brown Iron ore. It appeared to me to 
be supported by porphyries of a trachytic aspect 
(Cerros de Aroma and Cundurcaga). It supports 
the alpine limestone of Montan and Micuipampa, 
celebrated for its metalUc riches. The thermal hy- 
drosulphurous waters that issue from the sandstone 
of Cuent^a (south lat S° 53'), and of ToIIacpoms 
near Caxamarca (south lat 7° 8'), have almost the 
same temperature, 7^ and 69° cent 

The analogy observed between the red sandstone 
of New Grenada, Peru, and Quito, and the red 
sandstone of the country where Fiichsel (Historia 
terra el maris ex historia Thwrmgite ertiia) gave 
the first description of the great coal fonnation. 
must strike experienced geognosts. I shall not 
dwell on the phenomena so well known, of the 
alternation of coarse conglomerates, and fine- 
grained sandstones } nor on the absence of frag- 
ments of limestone, of which we find only one very 
rare example in the pudding-stones of the red sand- 
stone in the Pyrenees (valley of Barillos) ; nor of 
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the interposed beds of coal, cluy, browii iron ore, 
and limestone : I shall confine myself' to the observ- 
ation, that the red sandstone of Germany contiuns 
mercury (Morsfeld and Moschellandsberg in the 
duchy of Deux-ponts, as at Dombrava in Hun- 
gary) ; the petrified wood of monocotyledon plants 
(Siebigkerode, Kelbra, and Rothenburg, in Thu- 
ringia); agates, chert and common flint (hornstein 
and feuerstein) passing to calcedony (KiffhSuer, 
WiederstSdt, Goldlauter, and Grossreina, in 
Saxony, in the coarse conglomerate of the red 
sandstone ; Oberkirchen and Tholey in the duchy 
of Deux-ponts j Netzberg near Ilefeld, at Hartz, 
in the mandelstein of the red sandstone) ; and 
mineral bitumen (Naundorf and Gnfilzig in the 
county of Mansfeld). All these phenomena occur 
also in the part of equinoxial America through 
which I passed. 

6". Banks qf the Amazon. The great basin of 
the river of the Amazons exhibits, at least in the 
eastern part, the same phenomena which we have 
|>ointed out in giving the geognostic description of 
the Llanos of Venezuela, and the basin of the 
Oroonoko. In descending from the summit of the 
granitic Andes of Loxa by Guancabamba to the 
banks of Cliamaya, we find a sandstone with an ar- 
gillaceous cement, superposed on the transition 
porphyries of Sonanga, and covered (between Son- 
anga and Guanca) with a limestone containing 
gypsum and rock-salt The sandstone of Chamaya 
Alls the plains of Jaen de Bracamoros, at 190 to 
u 3 



260 toises of height above the level of the oCead. 
It forms hills with abrupt declivities, resembling 
fortifications in ruins. We theito distinguish beds 
with small rounded grains of quartz, and coarse 
conglomerates composed of pebbles of porphyry 
lydian stone and quartz, of two or three inches in 
diameter. The coarse conglomerates are somewhat 
rare ; they form, however, the pongo of Rentenoa, 
and other rocky dykes that cross the Upper Ma^ 
ragnon, and impede the navigation of the river. I 
could never discover among the imbedded frag- 
ments in the sandstone of Chamaya any one of a 
limestone rock. This circumstance, together with 
the presence of lydian stone mixed through the 
mass, the alternation of grey fine>grained sandstone 
and coarse conglomerates, every where so rare in 
the variegated sandstone (Schochwitz in Saxony) ; 
finally, the superposition of zechstein and gypsum 
with rock-salt to the sandstone of the Amazon, lead 
me to admit tlie identity of that formation and those 
of Cuenija and Caxamarca, notwithstanding the 
difference of more than 1000 toises of absolute 
lieight We have already seen in New Grenada, 
coal sandstone descend Irom tlie great table-land of 
Bogota to the plains of the Rio Magdalena. One 
very remarkable peculiarity, and which seems at 
first to separate the sandstone of the Amazon and 
the Chamaya from that of Europe, is the intercala- 
tion of some beds of sand in parts altogether disinte- 
grated. I saw Ijetwcen Ciiamaya and Tomcpenda, 
layers of ijiiartzose sandstone, tiiree or four feet 



thick, alternating witli beds of siliceous sand from 
seven to eight feet. The parallelism of these beds, 
which are not much inclined, extends to great dis- 
tances. I am aware that the mixture of sand and 
solid sandstone characterises more particularly the 
variegated sandstone ; that which covers zcchstein 
( Wimmelburg and Cresfeld in Saxony), and the ter- 
tiary sandstone above the gypsum with bones (Fon- 
tainebleau near Paris) ; but MM. Voigt and Jordan 
found also layers of sand (triebsand) in the red or 
cual sandstone (Rohrig near Bieber, and Kupfer> 
berg near Walkenried). We might believe that 
the analogy we have just remarked between the 
marine sandstone and sand of the tertiary form* 
ation, is sti'engthened to a certain degree by the 
frequency of petrified echini which we saw scattered 
on the surface of the soil on the beach of the Ama- 
zon, at 105 toises, and near Micui]]ampa, at 
more than 1800 toises high ; but it may haiipen. 
that in regions hitherto so little examined, very 
new limestone ibrmations repose on zcchstein, 
and nothing seems to denote that the sandstone qf 
Chamaya, alternating at tlie same time with beds of 
sand, and conglomerates with fragments of por~ 
pliyry and lydian stone, is a tertiary sandstone 
similar to tliat of the Parisian formations. 

I ought, perhaps, to place the zechstein or alpine 
limestone immediately after the coal-sandstone, be- 
cause those two rocks sometimes constitute but one 
formation; but I prefer describing first the quartz 
formation of Guangamarca (ilozquartz), as being 



parallel to the coal sandstone. It is a geogno^e 
eqnivaleal, peculiar to the southern henusphoe. 

SECOKDABV QUARTZ-ROCK. 

5 27. This remarkable formation, entirely un- 
known to the geognosts of £urope, predominates 
in the Andes of Peru, between the 7" and 8° of 
southern latitude. I have seen it reposing indif- 
ferently on transition porphyries (at the eastern 
declivity of the Cordillera, Cerro of N.S. del Car- 
men, near San Felipe, 982 toises ; Fsramo de Yana- 
guanga between Micuipampa and Caxamarca, 19OO 
toises } at the western declivity of the Cordilleras, 
Namas and Magdalena, 69O toises); and on primi- 
tive granite (Chala, near the coast of tlie Pacific 
Ocean, 212 toises). This superposition on rocks 
of a very different age proves the independeiux of 
the formation which we describe. It is much less 
developed at the eastern than at ttie western decli- 
vity of the Andes. At the latter it attains a 
thickness of several thousand feet, reckoning per- 
pendicularly to the planes of stratification ; it there 
replaces the red sandstone, supporting immediately 
(Indian villages of la Magdalena and Contumaza) 
zechstein or alpine limestone. It is eitlier the 
latest of the transition formations, or the most an- 
cicnt of tlie secondary formations ; it is a real com- 
pact or granular quaitz, not porous or cellular, 
most frequently greyish-wliite, or yellowish and 
opaque, and not mixed either with talc or mica. 



297 

This formation is sometimes compact and with a scaly 
fracture, like quartz in beds (lagerquartz of primitive 
gneiss-granite)} sometimes with very fine gnuns, 
similar to that of the quartz of the transition lime- 
stone of the Tarantaise. It is consequently neither 
an arenaceous rock, nor a variety of the quartzose 
sandstone with a siticiferous cement, in which the 
cement disappears by degrees, and which belongs 
both to the variegated sandstone (Detmold), qua- 
dersandstein, green sandstone, plastic clay (trapp- 
sandstein), and to the sandstone of the tertiary 
formation (forest of Fontainebleau). The deep, 
ra^nes tliat furrow the declivity of the Cordilleras, 
and the immense number of blocks torn irom their 
natural position, facilitate the observation of this 
formation of quartz, which is very homogeneous, 
destitute of shells, and also of subordinate beds. I 
examined it for several days, expecting to find, in a 
rock covered by zechstein and replacing the red 
sandstone, some traces of a cement, of grains or 
agglutinated fiagments : my researches were fruit- 
less -, I could no where convince myself that this 
compact or granular quartz was an arenaceous or 
fragmentary rock. It is sometimes very regularly 
separated into beds of eight inches to two feet 
thick, directed (Aroma, Magdalena, and Cascas) 
N. 53", 68" W., and inclined from 70° to 80° S.E. 
At the eastern declivity of the Andes, on the banks 
of the Chamaya, a bed of quartz, similar to that 
which I have just described, appears interposed in 
a formation of greyish-blue compact limestone! 



IXiiis limestone is not a transition rock (as might be 
Ithou^ht from the position of the compact quartz of 
ll'esay and Tines in the Tarantaise, § 20.) ; the num- 
Iber and nature of its shells, on the contrary, as well 
las the sinuosity of its beds, seem to bring it nearer 
Ito tlie zechstein or the alpine limestone. It is not 
lextraordinary to see a siliceous rock wliich supports 
limestone penetrate into it, and tliere form an in- 
Iterposed bed. This circumstance also occurs, but 
En veins (Cerro de N. S. del Carmen near San 
iFclipc), in the formation on which quartz rock 
teposes. The alpine limestone of San Felipe 
jcovers this rock, which is placed on green trans- 
ttion porpliyry traversed by veins of quartz three 

t thick. 

t may be useful at the end of this article to ob- 



4% gecondajy quartz (§ 27.) parallel to the red 
sandstoDe, and penetrating into the alpine limestone 
of the Andes of Contumaza and Huancavelica. 
We may join to these formations of quartz, masses 
entirely quartzose; 6", of the variegated sandstone ; 
6", of the quadersandatien ; 7°, the green sandstone, 
or secondary sandstone with lignite, placed be< 
tween the Jura limestone, aiid the chalk ; 8% the 
sandstone belonging to tertiary sandstone, with lig- 
nite (plastic clay) above the chalk i 9°, the sand- 
stone of Fontainebleau.. A rock is determined 
witli more certainty, when we have before us the 
table of formations which are analogous in their 
composition^ but very different in their position. 

11. ZECHSTEIN OR ALPINE LIMESTONE (UAGNESUN 
limestone) ; HYDRATED GYPSUM } ROCK-SALT. 

S 28. The word zechstem is usually applied by the 
miners and geognosts of Germany to a part of the 
formation which we are about to describe ; they 
distinguish compact limestone (zechsteln) fivm the 
copper-slate which it immediately covers, and the 
superposed gypsum and fetid limestone. I call 
by the term zechsteln the entire group, of which 
that rock is the geognostic representative. It is a 
great limestone formation, that immediately suc- 
ceeds to the red sandstone, or coal-sandstone, and 
with which it is sometimes so closely connected, 
that they are found interstratiHed. The upper 
limit of the zechsteln is more di£Scult to fix ; in 
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In the course of this essay, I have oflen, aiXer 
the example of many celebrated geognosts, made 
use of the more agreeable term of alpine limestone 
to designate zechsteln ; although I am well aware 
that, according to the excellent observations of 
MM. de Buch and Escher, the greater part of the 
limestones that constitute the high Alps of Switzer- 
land are transition limestones (§ H.). At a period 
when geognosy has been so much obscured from 
the creation of vague denominations, which are 
adopted only by a small number of mineralogists, 1 
determined to change nothing in the received no- 
menclature, however vicious or barbarous it might 
appear. The imperfections of the language of 
geognosts are only dangerous to science when the 
position of every formation, and the Umits within 
which those formations are found circumscribed, 
are not defined with sufficient clearness. In South 
Bavaria, in the Tyrol, Styria, and the country of 
Salzbourg, the high Alps of Benedictbaiem, 
Chiems^ Hall, Ischel, Gmunden, and Untersr 
berg, are veiy probably of zechstein. That rock, 
at Montperdu in the chain of the Pyrenees, mixed 
with fetid limestone, rises to a height of more than 
1750 toises. Zechstein, in the Andes of Peru, very 
distinct £rom transition limestone, contains petrified 
shells on the ridgQ of the mountains between 
Guambos and Montan, and near Micuipempa (1400 
,■^^'8000 toises) ; and between Yauricocha and Pas- 
co (3100 toises) ; near Huancavelica, Acoiia, and 
Acc^Hunba (SlOO-r-^SO? toises). We see by these 
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Icampies, that zeclistein attains a very great eleva- 

pii, north and south of tiie equator. It is cer- 

nly found in tlie alpine region of the Pyrenees, 

Tyrol, and the Andes ; but the term alpine 

\nesione does not indicate that all the limestone 

both hemispheres are composed of zech- 

my more than the word coal-sandstone de- 

ptes that coal belongs solely to the red sandstone. 

he question, which of the alpine summits of 

i'itzerland and the Tyrol are of zechstein, and 

hat summits are of transition limestone, is rather 

Iquestlon of mineralogical geography than a pro- 

iem of general geognosy. The science of Jbrm- 

fio?is is confined to the description of a rock 

in the series of secondary ibrmations, be- 
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Irgaiiic remains, and it would be wrong to attribute 

pis tendency exclusively to the transition limestone. 

veins of white calc-spar, crossing a bluish 

Imestoiie passing from compact to granular, rather 

Iharacterise the transition formation than the zech- 

Itein of the plains ; but in both continents these 

nail veins are also found in the Umestone of the 

y calcareous mountains, which, by their position 

. tJieir interposed beds of rock-salt and bitumi- 

;s clay, belong, I believe, to zechstcin. Besides, 

all the formations above the red sandstone we 

ibserve that (probably by a galvanic action) the 

larkish-grey limestones lose their colouring prin- 

I the vicinity of the planes of stratification j 

iloration takes place in rocks in silit. The 
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and zechstein, to reach the argentiferous bed 
placed between the zechstein and the red sandstone. 
We may assert that the labours of miners in the 
bituminous slates of Mansfeld in Gennany, and 
on the coal-measures in England, have assisted 
much the progress of the geognosy qf position, 
of which Stenon has the honour of having first 
infticated the true principles. 

Zechstein, or alpine limestone, the most ancient 
of the secondary formations, contains, as subordinate 
beds, slaty carburetted and bituminous clay, coal, 
rock-salt, gypsum, fetid limestone, compact or disin- 
t£grated(a3che)magnesian limestone, limestone with 
gryphites, ferriferous limestone (eisenkalk), cellu- 
lar limestone with crystalline grains (rauchwacke), 
sandstone, calamine, lead, hydrated iron and 
mercury. We shall add to these indications the 
substances that we sometimes found disseminated 
in zechstein, without forming continuous beds* 
such as sulphur, flint (homstein), and rock crystal. 
In the whole of these masses three series, the bitu- 
rainous or carburetted, muriatiferous, and metallic, 
are easily distinguished. The copper-slate con- 
taining petrified fish, fetid limestone, rock-salt, 
and gypsum, calamine and sulphuret of lead, are 
the most important types of these three series, 
and serve, in a certain degree, by their geognostic 
concomitance, to identify the formation which we 
are describing, where the relations of position are 
doubtfiiL 

Schistose, carburetted, or bituminous clav or marl. 
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Wallers^ in tlie south of Bavaria; mines of Tehiii- 
lotepec in Mexico, mountain of Cuchivano near 
Cumanacoa) this copper-marl of Mansfeld repre- 
sented by smalt beds of schistose, carburetted, 
darkish-brown clay, containing but little bitumen, 
and abounding in pyrites. This phenomenon appears 
to connect the zechstein of the plains with that of 
the high mountains, the superposition of which on 
the coal-sandstone is less evident. In the Andes 
of Montan (1600 toises high ; the north of Peru) 
black clay ftom five to eighteen inches thick al- 
ternates with zechstein. Slaty and marly clay 
oscillates from zechstein or alpine limestone, on 
one side towards the red sandstone and transition 
limestone, and on the other towards Jura limestone. 
Argentiferous copper-slate is found again in the 
red sandstone, but with a great accumulation of 
carbon (Suhl and Goldlauter in Saxony). In the 
transition limestone (Schwatz in Tyrol) the clays 
become more micaceous, and pass to transition 
clay-slate containing (Glaris), like the slates of 
zechstein (Eisleben), and like those of the red sand- 
stone '(mine of Saint Jacques near Goldlauter)^ 
petrified fish. The marl in the Jura limestone is 
more calcareous, of a lighter colour, being whitish 
and bluish grey. Notwithstanding the analogies 
which the slaty and highly carburetted clays of 
the zechstein have with those of the coal-sand- 
stone, it is only in the latter, which immediately 
cover the coal, that we find the impre^ions of the 
trae ferns of the polypodiaceous group. Copper- 
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rock-salt, as schistose clay (schieferthon) or cfoy 
with impressions of fem characterises the depo- 
sites of coal. This muriatiferous formation, in 
which gypsum may be siud to be found only acci- 
dentally, was the principal object of my researches 
in the journeys which I undertook by order of the 
Prussian government, during the years 1792 and 
1793, in the mines of rock-salt of Switzerland, the 
south of Germany, and Poland. I again found it 
with all its analogies in the Cordilleras of equi- 
noxial America, and it cannot be doubted that 
the knowledge of its aspect is an object of the 
greatest interest to those who search for the dis- 
covery of deposites of salt in countries where it 
has hitherto been supposed wanting. 

The colours of muriatiierous clay are generally 
(Hall, Ischel, Aussee) smoke-grey, and whitish 
and bluish-grey (Berchtolsgaden and Wieliczka) ; 
sometimes this clay is darkish-brown, reddish- 
brown (leberatein of the miners of Tyrol and 
Styria), and even brick-red. It is found in vast 
masses, or disseminated in small rhomboidal por- 
tions, either in rock-salt(ZipaquirainNewGrenada), 
or in gypsum (Neustadt an der Aisch in Franconia, 
Reichenhall in Bavaria) which is subordinate to 
the alpine limestone. The colours of the muriati- 
ferous clay are much more mixed and varied than 
those of the slate-clay that covers coaL The for- 
mer produces a slight efiervescence with acids ; 
its colours are owing both to carbon and to oxid 
of iron. I saw them on the table-land of Bogota 
X 3 



Inixed with asphaltum, and staining tiie fingers 
black. It rapidly absorbs the oxigeii of" the atmo- 
Isphere, either in our laboratories or in those great 
[circular excavations (Sinkwerke, Wiilire) which 
ire filled with fresh water for washing the saliie- 
Irons rock. Its consistence is extremely variable, 
[changing from soil to the hardness of copper-slate. 
iTeiiacious masses (schhef) often appear mixed 
with flint, and give sparks with steel ; their frag- 
nents are then testaceous and curved (krumm- 
Kchalig abgesonderte Stucke). Being imbedded in 
1 friable clay, these masses form a kind of porphy- 
Iroid breccia. Muriatifevous clay contains neither 
[scales of mica, nor impressions of fern, so common 
slate-clay of the coal mines ; we, how- 
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polyhedral fragments -, thence result argillaceous 
breccias (Haselgebirge) cemented by rock salt. 
Sometimes great masses of clay (Hall in Tyrol) are 
altogether destitute of muriate of soda ; they are 
thought to have been washed by the action of the 
waters that circulate in the earth, and this curious 
phenomenon seems to favour the hypotliesis origin- 
ally adopted on tlie origin of salt^springs. 

Granular gypsum, greyish- white, but rai'dy an- 
hydrous (muriacite), occurs in beds more or less 
thick in salzthon ; it abounds there more than in 
rock-salt, and its volume is far inferior to that of 
clay. Sometimes the gypsum is mixed with fetid 
limestone and crystals of magnesian carbonate of 
lime (ranten ou bitterspath). When the salt does 
not form true beds or crystalline continued masses, 
it is found like an interwoven mass in the clay 
(Stockwerk), that is, in small veins that cross each 
other, smoelU and extend in every direction. These 
fibres are perpendicular to the wall and ceiling of 
the veins (Berchtolsgaden). At other times the 
salt is divided into very thin beds, parallel to each 
other, varied in colour, sinuous, and generally ver- 
tical (Hallstadt and Hallein), rarely inclined less 
than 30*^ (Aussee). Wherever granular gypsum is 
entirely wanting in the salzthon it is replaced 
by scattered crystals of selenite. The whole of 
this saliferous formation contains occasionally dis- 
seminated pyrites, brown blende, and galena. At 
Zipaquira in South America (mine of Rute), py- 
rites and ferriferous carbonate of lime form parti- 
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liar concretions in flattened spheroiiU, tVoni 18 to 

I inches diameter, containing crj'stallised spathic 

I did not obser\e this singular plienoinenon 

I the mines of rock-salt of Germany, Poland, and 

iiain, which I visited ; but the frequency of py- 

tes in muriatiferous clay throws some liglit on the 

pall sulphuretted hydrogen that so often exhales 

loin salt-springs. Galena appears only in small 

;s in the saliferous deposite oi' Hall in Tyrol j 

i developed in great masses in the niountaiiiij 

[" rock'Salt (reddish- white and darkish-grey) across 

lich, at a distance of two leagues, the Rio Gual- 

and the Rio Pilluana have cut their way 

feruvian province of Chachapoyas, on the eastern 

pclivity of the Andes). 

I The deposites of salt in the two continents are 



this subject in the most general manner, I shall in- 
dicate successively, according to the actual state 
of our knowledge, the various formations of rock- 
salt in the transition limestone, zechstein, and va- 
riegated sandstone with clay. 

The anhydrous gypsum of Bex, which contains 
disseminated rock-salt and small subordinate beds 
of grauwacke, belongs, according to the observ- 
ations of MM. de Buch and Charpentier, to trans- 
ition limestone, but probably to the last beds of the 
intermediary formation. The sahferous gypsum of 
Colancolan (at the east of Ayavaca, Andes of 
Peru) appears mixed, hke the transition limestone 
of Drammen (Norway), with treroolite asbestoid ; 
the small deposites of S. Maurice (Arbonne in 
Savoy), and, according to M. Cordier, the moun- 
tain of salt, at Cardona in Spain. Anhydrous gyp- 
sum particularly characterises the saliferous de- 
posites of the transition formation. In the south 
of Grermany, on the banks of the Necker (Sulz 
above Heilbronn ; Friedrichshall, between Koch- 
endorf and Jaxtfeld; Wimpfen, above Heilbronn), 
rock-salt has been discovered in zechstein, by 
means of soundings of 24J and 76O feet deep. The. 
admirable labours of MM. Glenk and Langsdori' 
leave no doubt on this subject At Sulz. they 
have successively pierced through muschelkalk, 
the formation of day and variegated sandstone. 
porous zechstein of small thickness, and red sand- 
stone reposing on the granite of Bergstrasse and 
Schwarzwald. At Friedrichshall and Wimpfen, 



ijL-113 nine been foiiiul of rock-salt, s 
aiul uliitt; and jfrcyish g}psmn. 1 
ducliy of IJadcii, IIil- saliteroiis de| 
covered ( Heiiisheim near Wimpien, on 
SteiD, Miihlbach and Beyerthal, in 
the Rhine ; Kandern, in Scliwarzw 
same rocks which occur at tlie salt^wo: 
I may also mention as a very evident 
position of the great formation of roc 
zechstein or alpine limestone, the northej 
table-land of Santa Fe de Bogota, where 
Zipaqiura is found (Rute, Chilco, and 
1380 toises above the level of the sea. 
ferous deposite, more than 130 toises t 
vered by great masses of granular gy] 
is seen interposed, in several places very 
mine, in zechstein supported by the red 
or coal-sandstone. There is only a dtstan 
leagues from the coal mine of Canoas, an 
of rock-salt of Zipaquira. flthor »*'— — 



Many celebrated geognosts (MM. de Buch and 
Bucklaod) are of the same opinion ; but it must be 
admitted, that wherever the age of the limestone is 
not sufficiently characterised by the presence of coal- 
sandstone, and wherever the covering of the sali- 
ferous deposite by beds of a known age is not 
evident, observations do not afford complete convic- 
tion. In the mine of Hall, near Inspruck, we see 
(gallery of Mitterberg) the deposite of rock-salt 
immediately covered by the limestone fbnnation 
that constitutes the northern chain of the AJps of 
the Tyrol. This limestone passes from greyish- 
white to greyish-blue j the dark-coloured parts are 
often fetid. It is generally compact, sometimes 
rather fine-grained granular, and traversed by veins 
of white calc-spar. These veins are considered by 
some geognosts, and perhaps too particularly, as 
characterising the transition limestone. The rock 
no where alternates either with intermediary clay- 
slate or grauwacke j it forms (Wallers^e) contorted 
beds, like the limestone of the lake of Lucerne. 
M. de Buch has frequently found in it petriiac- 
tions of very small turbinites. This is the only 
place in Europe where I saw a considerable lime- 
stone formation immediately covering rock-salt. I 
believe it to be zechstein, from its position and 
structure } I have seen it sometimes pass (Schloss- 
bei^, near Seefeld ; Schamitz) to compact lime- 
stone, with a dull fracture, even, or conchoidal, 
with very flat cavities, similar to the lithographic 
limestone of Jura (lias). The petrified fish that 
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are found between Seefeld and Schonitz, in a bitu- 
minous marl, remove the limestone of Hall still far- 
tiier fi-om transition limestone ; in order, however, to 
characterise it indubitably as zechstein, we must 
iind it reposing on the red sandstone (todtliegende), 
which, according to the observations of MM. Uttin- 
ger and Keferstein, appears to be superposed on 
the intermediary rocks between Ratenberg and 
Hering, as well as near the ancient mines of 
Schwatz. M. de Buch and myself observed, at 
Hallstadt (Torringer Berg) and at Ischel, alpine 
limestone analogous to that of Hall, but witli 
lighter colours, often reddish, and more abundant 
in petrifactions, superposed on gj-psum which covers 
deposites of rock-salt. This superposition is less 
evident at Hallein (mine of Durrenberg) and at 
Berchtesgaden ; the gypsum which covers the sali- 
ferous clay is hid beneath a calcareous pudding- 
stone (nagelfluhe) of tertiary formation. The 
deposites of Hallein and Berchtesgaden appeared 
to me like that of Wieliczka in Poland, not inter- 
stratified with zechstein, but superposed on that 
formation. I believe them to be posterior to the 
great formation of coal ; but the red sandstone is 
wanting in their vicinity, and the limestone of the 
country of Salzbourg is immediately superposed 
(valley of Ramsau) on grauwacke. M. fiuckland 
considers the limestones that cover the saliferous 
clay, at Hallstadt, and even at Bex, as belonging 
to the lias, which is the lower bed of Jura hmestone. 
After the rock-salt of the anhydrous gypsum 
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of transition, and that of zechstein, comes, ac- 
cording to the age of formation, the salt of the 
variegated sandstone, or, to speak more correctly, 
of the formation of clay and variegated sandstone. 
This arenaceous formation, called by the English 
geognosta new red sandstone and red marl, con- 
tains the deposites of salt (Norwich) of England ; 
it contains salt also in Germany, near Tiede (be- 
tween Wolfenbiittel, and Brunswick), where MM, 
Haussmann and Schulze found small masses of 
disseminated salt in tlie red clay of tlie variegated 
sandstone of the oolite ; at Sulz (kingdom of 
Wurtemberg), where, before tliey reached the 
salt-springs in zechstein, they found, immediately 
below the muschelkalk, at the deptli of 460 feet, 
nodules of salt in the red marl. This clay, in a 
thickness of SIO feet, covers tlie variegated sand- 
stone to which it belongs. As rock-salt alter- 
nates, very near Sulz (atFriedrichshall, and Wim- 
pfen), with marl and gypsxmi interstratilied with 
zechstein, we cannot doubt the geognostic affinity 
that exists between the two formations of zechstein, 
and variegated sandstone. Marl and saliferous 
clay with granular gypsum is found placed some- 
times between the zechstein and sandstone, some- 
times in other of those formations. To this form- 
ation of clay and variegated sandstone belongs 
also the rock-salt of Pampeluna in Spain, examined 
by M. Dufour, and the rich deposits discovered in 
1819, in Lorraine, near Vic. This variegated clay 
formation of Vic contains small beds of muschel- 



lalk, and is covered in its turn by Jura limestone. 
The influence which a more accui'ate knowledge 
If the position of rocks has had in these latter 
Jmes on the discoveries of salt in Swabia, France, 
Ind Switzerland, (EgUsau, canton of Zurich), is a 
Ihenomenon well worthy of observation. 

I doubt if we have hitherto very certain prootH 
If the presence of rock-salt in inuschelkalk ; for 
\e must not, as we shall soon see, deduce this 
losition only from the existence of salt-springs. 
Ifuschelkalk, in its lower beds, alternates with the 
prmation of claj/ and variegated sandstone ; as it 
■so contains sometimes (Sulzbourg, near Naum- 
lourg) marl with fibrous gypsum, it would not be 
Birprising if we discovered in it some saltferous 
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more ancient than the gypsum with bones of the 
tertiary rocks, and almost identical with the gyp.- 
sum of the zechstcin and variegated sandstone. 
The immense saliferous deposites of Wieliczka and 
Bochnia, which extend from Galicia as far as 
Bukowlne and Moldavia, appear to repose imme- 
diately on coal-sandstone, containing at the same 
Ume, which is a remarkable fact, anhydrous gyp- 
sum, tellinee, univalve, polythalamous shells, fruits 
in a carbonated state, leaves, and lignite ; these 
deposites are covered only by sand and micaceous 
sandstone. M. Beudant, in his important work on 
Hungary, seeins to lean towards the opinion that 
these sands and sandstones are analogous to the 
molasse of Argovia; and that all the saliferous 
formations of Galicia may be contemporary with 
the plastic day (sandstone with lignites) of the 
tertiary rocks, placed between the chalk, and the 
.Paris limestone, (limestone with cerithia). This bitu- 
minous wood of Wieliczka, exhaling the smell of 
truffles, merits, no doubt, great attention ; and if we 
admit that it is only mixed accidentally with rock- 
salt, and that it comes Awn superposed sandy 
beds, we must still conclude that rock-salt and 
these sands are nearly connected in their origin. 
But is the presence of lignite a very convinc- 
ing proof of the late origin of a bed ? This I 
doubt : we know that lignite and the impressions 
of dicotyledon leaves are found far below the chalk, 
and in die lower beds of the Jura limestones (lime- 
stone with giyphaea arcuata; Vay, Issigny near 



Caen), in qiiadersandatem, and in small carbonated 
and marl beds (lettenkohle) of muschelkalk, and 
in the variegated sandstone of Germany, to which 
also belongs the argentiferous slates of Franken- 
berg (Hesse). 'We must carefully distinguish 
the siliceous and petrified wood from lignite or 
bituminous wood (braunkohle) ; and if we rarely 
find the latter in the clay of the variegated sand^ 
stone, we find it still less in zechstein, of which 
the coppef'slate alone contains petrified fruits. 
In Tuscany, according to M. Brongniart, the salt- 
springs of Volterra spring from the marly beds that 
alternate witli granular gypsum (alabaster), and 
which are immediately covered by a tertiary form- 
ation. Although it seems almost impossible to de- 
cide on the age ofjbrmations which are not covered, 
several relations of position which I liad occasion 
to obser\'e in the new continent induce me to 
think it probable that deposites of salt exist in ter- 
tiary formations. I shall not cite the mountains 
of rock-salt in the vast plains at the north-east of 
New Mexico, which Mr. Jeflferson first made 
known, and which appear to be connected with 
the coaL-sandstone ; but other very doubtful de-' 
positcs, such as the saliferous clay, superposed on 
the trachytic conglomerates of the Villa d'Ibarra 
(table-land of Quito, at the height of 1190 toises), 
the marly masses of salt worked at the surface 
(deserts of Lower Peru and Chili), in the steppes 
of Buenos- Ayres, and in the arid plains of Africa, 
Persia, and Transoxane. I saw near Huaura (be- 



tween Lima and Santa, on the coast of the South 
Sea), rocks of trachytic porphyry pierce through 
beds of the purest rock-salt. The muriatiferous 
clay of Araya (gulf of Cariaco), mixed with 
lenticular gypsum, appears to be placed between 
the alpine limestone of Cumanacoa, and the tertiftiy 
limestone of Barigon and Cumana. The salt is 
accompanied on all these points with petroleum 
and solid asphaltum. 

In comparing the deposites of rock-salt of Eng* 
land (at 30 toises), of Wieliczka (160 toises), of 
Bex (SSO toises), of Berchtolsgaden (330 toises), 
of Aussee (450 toises), of Ischel (496 toises), of 
HaUein (630 toises). of Hallstadt (660 toises), of 
Arbonne in Savoy (7^0 toises ?), and of Hall in 
the Tyrol (880'toises), M. de Buch has judiciously 
observed, that the riches of these deposites diminish 
in Europe with the height above the level of the 
ocean. In the Cordilleras of New Grenada, at 
Zipaquira, immense beds of rock-salt occur, not 
interrupted by clay, at the height of 1400 toises. 
The mine of Huaura only, on the coast of Peru, 
appeared to me to be richer i 1 there saw salt 
worked in the same manner as a quarry of marble. 
In Thurin^a, one of the countries where the 
succession and the relative age of rocks was first 
observed, it was long believed that salt-springs are 
more fi-equent in the granular gypsum of the zech- 
stein than in the fibrous and clay gypsum of the 
vari^jated sandstone ; and the former exclusively 
was regarded as saliierous. The natural caverns 



less characterised bv i>ramilar g^v 
clay (salzthon) very analo^'ons to 
uj)j)er or fibrous irypsuni. Salt-s] 
gether in groups, or succeed each 
and diverging bands. The directi 
terranean rivers appears to be inc 
inequalities of the sur&ce of the s< 
circulation of the waters in the 
globe, that the saltest springs mj 
farthest removed from the spot 
solve rock-salt A great degree 
not prove the proximity of that < 
than the violence of earthquakes ] 
imity of volcanic fire. The sp 
times plunged into the lower beds, 
by hydrostatic pressure rise tows 
beds. It is not their position solel 
light on the source of saliferous 
find salt-springs in Germany in gr 
the transition formation (Werdohl 
in the porphyry of the red sandstoi 



3ch5nebeck, Stasfurtii. Salz der Helden in Ger- 
many), and in the muschelkalk (Halle? in Saxony ; 
Suldor^ Harzburg). We may add to this enum&- 
ration the Jura limestone (Butz in Frickthal), 
and perhaps the molasse (tertiary sandstone with 
lignite) of Switzerland (Eglisau, soundings of 
M. Glenck). We must not* in the search for 
rock-salt, mistake for true deposites, small masses 
which highly concentrated salt-springs may have 
accidentally left by evaporation on the clefts of 
the rocks. 

Gypsum atid Jetid limestone. Some formations 
of gypsum posterior to tranntion gypsum ($ 20.) 
appear in all limestone formations above the r^d 
sandstone, in the zechstein, in tiie red sandstone it- 
sdf, in muschelkalk (very rarely), in the Jura lime- 
stone, and in tertiary formations. The gypsum 
(unterer gyps, schlolttengyps of Werner) which 
belongs to the zechstein occurs less in extended 
beds than in irregular masses ; it is often super- 
posed (Thuringe) on zechstein, and covered by 
the variegated sandstone. It is compact or granu- 
lar, and alternates with fetid limestmie (stinkstein), 
while the gypsum of the validated sandstone 
(oberer gyps, thongyps of Wemer), is rather fibrous 
and mixed with clay. These characters of struc- 
ture and mixture are, however, not general. We 
stated above, that in the saliierous gypsum of the 
zechstein, clay (salzthon) takes an extraordinay 
devek^event On the other hand, the fibrous 
V 2 



3Q4 

and clay gypsum - of the x'ariegated mndstone 
flometimes exhibits alao granular masses (alabaster 
of Reinbeck, in Saxony), breccia of fetid limestone, 
and considerable cavities (gypsschlotten) : three 
phenomena which more generally characterise the 
gypsum of the zechstein. 

All these phenomena prove the close connection 
that exists between the two great saliferous fona- 
ations, alpine limestone and variegated sandstone 
with clay. I saw frequent examples, in the equi- 
noxial zone of the new continent, of beds of gyp- 
sum intcrstrati6ed with or superposed on zechstein, 
in the Llanos of Venezuela (Ortiz, Mesa de Paja, 
Cachipo); in the province of Quito (table-land of 
Cuenija, near Money, and between Chulcay and 
Nabon) ; in tlie table-land of Bogota (Tunjuellos, 
Checua, and at 1600 toises above the level of the 
sea, at Cucunuva) ; in the plains of tlie Amaz<m 
(Quebrada turbia near Tomependa) ; at Mexico, 
between Chilpansiugo and Cuemavaca (near So- 
chipala); and in the metalliferous mountains of 
Tasco and Tehuilotepec. 

The beds of fetid limestone are either subor- 
dinate to gypsum and muriatiferous clay contain- 
ing zechstein, or they appear to be the result of 
an accidental accumulation of bitumen in the rock 
of zechstein itself. Tliis accumulation gives rise 
to springs of mineral pitch, and perhaps also to 
those flames of liydrc^n that issue from the alpine 
limestone in Europe, in the Apennines (Pietra 
Mala, Barigazzo), and in America, in the moun- 



tains of Cumanacoa (Cuchivano, lat. 10° 6'). 
Fetid limestone occurs also, but much more rarely, 
in tlie variegated sandstone and muschelkalk (beds 
of belemnites of Gaettingue ?). The asche and 
the rauhkalk of the mines of Thuringia are only 
pulverulent or crystalline and porous varieties of 
fetid limestone belonging to the zechstein. As 
fetid limestone is in Europe constantly destitute of 
petrifactions, I shall here mention that in the pimns 
of New Grenada (valley of the Rio Magdalena, 
between Morales and the mouth of the Ciuio Mo- 
rocoyo), M. Bonpland found terebratutites and 
pectinites in a varie^ of this rock which was dark- 
grey, a little brilliant at the exterior, strongly 
bituminous, and traversed by veins of white cal- 
careous spar. 

Magnesian limestone. We must distinguisli in 
geognosy, between beds interstratified witli zech- 
stein (gypsum, rock-salt, sulphate of lead), the 
chemical composition of which differs entirely from 
that of the principal rock, and the partial modifica- 
tions of the rock itseIC The modifications which 
afiect the structure (the grain more or less crys- 
talline, the oolitic form, or the porosity) and the 
mixture (magnesian limestone, ferriferous lime- 
stone) are less important than might at first be 
supposed. We find analogies in formations of a 
very different age }. they characterise certain form- 
ations in cantons of small extent, but when we 
compare very remote regions, we see that they do 
not characterise them as much as interstratified 
Y 3 ■ 



il 
ii 
II 



(Yorkshire) similar to raiichwa 

parallel of the zechstein ; it is 

fbrinations of coal and rock-sal 

ever, as well as in some part 

according to the researches o 

Brongniart, Beudant, Conybea 

I^iillipsy the mixture of magnes 

lime, which Arduin observed i 

the year I76O, is also found 

sandstone with clay (red mai 

limestone of Jura, in the chalk, 

\[ grossier (Parisian limestone) of 

Perhaps even in Hungary and 
many, the magnesian limestone 
the variegated sandstone and t 
ations of Jura than to the zechsl 
are in general straw-colour (oi 



tr 



; I 
r 

\ Nottingham) or reddish-white, sc 



> 



sometimes rather granular, peai 
the fracture; sometimes they 
traversed by veins of calc-snar. 



327 

oolitic depositea), we recognise in England the 
zechstein and the variegated sandstone of the con. 
tinent, we must not forget that in Germany and 
Hungary, zechstein is connected with the red 
sandstone or the coal-sandstone ; while In Eng- 
land, the coal deposite is generally found in a 
position non-conformable with those of the mag- 
nesian limestone, and almost belon^ng to the trans- 
ition rocks. The three great deposiies of coal, saltt 
and ooStes, which serve in a degree as marks to 
the geognost while he is exploring an unknown 
country, are every where placed in the same 
manner, but the mutual links of formations, and 
the degree of their developement, vary according 
to the localities. In England, when by the suppres- 
sion of the new red conglomerate (todtes liegende), 
magnesian limestone (zechstein) reposes immedi- 
ately on the coal deposite (Durham, Northumber- 
land), the coal is regarded as of an inferior quality. 

Ferriferotts limestone, rauchwacke, and Umestone 
with gryphites. The ferriferous limestone (eisen- 
kalk, zuchtwand) is a brownish or dull-yellow rock, 
sometimes compact, sometimes granular or cavern- 
ous, penetrated with spathic iron, forming beds in 
the upper layer of zechstein (Cammsdorf, Schmal- 
kalden, Henneberg). It is sometimes traversed 
by copper-slate, and takes such a developement 
that it replaces all the lower beds of zechstein. 
When it becomes darkish-grey, charged with bitu- 
men and cavernous, it bears the name of rauch- 
srofih; in Germany. The cavities of rauchwacke are 
y 4 



ij;raiuuar quartz. Fetid stone, f'er. 
and rauchwaeke are closelv eo 
To rauchwaeke also, lor the nio 
collection of'gryphite belongs (Gf 
is called limestone with the gryph 
phitenkalk ), which characterise 
and which, as we shall afterwards 
more ancient than the Umeston 
phasa arcmta, one of the lower s 
limestone. 

Sandstone. Wherever zechsteii 
stone is developed alone in grea 
consequently not interstratified wit 
beds of sandstone are very rare. ] 
however, in the mountains of Cum 
Tumiriquiri). This sandstone inl 
zechstein is extremely quartzose, d 
factions, and alternates with darl 
M. de Buch observed in Switzerlan 
altogether analogous, in the alpii 
Molesson, and in that of Jauntha 
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a deposite of mercuiyj forms a bed in alpine lime* 
stone. Even the zechstein of lliuringia some- 
times contains small beds of sandstone extremely 
quartzose, that traverse the copper-slate. An 
arenaceous marl (weissliegende) occurs on the 
junction of the zechstein with the red sandstone. 
It varies much in its composition, and reminds us 
of the beds of sandstone of Tumiriquiri in Soutli 
America. The weissliegende of Thunngia is gene- 
rally calcariferous, and contains sandstone and sili- 
ceous conglomerates. M. Freiesleben. found in it 
(Helbra) globular concretions similar to tliosewhich 
I collected in the saliferous clay of the zechstein of 
Zipaquira. We shall again observe, that the alpine 
limestone of the Pyrenees is not only mixed with 
sand and mica, but also contains beds of ar^Ia- 
ceous sandstone. 

Sulphttrei qflead, hydrate qftrotif calamine, mer- 
cury. These four small metallic formations charac- 
terise the zechstein in the two hemispheres. Argen- 
tiferous galena appears already in small masses in 
the copper-slate of Thunngia, but in Silesia and 
Poland it forms (Tamowitz, fiobrownik, Sacrau, 
Olkusz, Slawkow) very extensive beds in zech- 
stein, consequently above the rich deposite of. coal 
of Ratibor and Beuthen. In the same . country 
beds of hydrate of iron (Kadzionkau)and calamine 
(Piekary), parallel to each other, are of a much 
more recent origin than the bed of argentiferous 
siilphuret of iron of Tamowitz. 

We already find in the granular limestone desti- 



tute of shells, which covers the latter bed, small 
masses of brown iron and concretioned oxide ofime 
disseminated in elimgated cavities. Near Ilefeld 
in Hartz, the whole of the zechstein u imprecated 
with this latter substance. With respect to the 
beds of galena and calamine of Sauerland, &ilon» 
Aix-la-Chapelle, and Limbouig, they seem, accord- 
ing to the judidous observations of MM. de Raumer 
and No^gerath, notwithstanding their apparent 
analogy with the formations of Upper Silesia, to 
belong to the most recent transition rocks. It 
might be said, there exists in the two continents a 
geognostic t^mty (or position) very remarkable 
between limestone rocks and sulphuret of lead 
which is more or less argentiferous ; we see the 
latter in Europe in intermediary limestone (veins 
of Schwatz in the Tyrol, and mountain limestone 
of Northumberland, York, and Derbyshire), and in 
the alpine limestone (beds of Upper Silesia and 
Poland ; magnesian limestone of Durham). On 
the table-land of New Spain, tlie lead ores of the 
district of Zimapan (Real del Cardonal, Lomo del 
Toro), as well as those of Liiiares and New Saint 
Ander, belong also to the limestone mixed with 
fetid stone, and which immediately succeed the 
coal formation. 

Calamine occurs in the magnesian limestone of 
England (Mendip hilts), as well as in the zechstein 
of Upper Silesia. With respect to the argillaceous 
beds of hydrate of iron, they exhibit a peculiar cha- 
racter in the alpine limestone of the Andes of Peru ; 



they contain abunduice of native ffliform silver, 
and muriate of silver. This mixture of oxides of 
iron and of silver which M. Klaproth and myself 
made known, bears the name of pacos ; it is found 
in the equinoxial pu-t of both Americas, occupying 
the upper part of the veins, and it exhibits in this 
position a very remarkable analogy with the earthy 
ochraceous (but not argentiferous) masses which 
the miners of Europe call vulgarly by the name of 
the iron cap (chapeau de fer) of the veins (elseme 
Hut). The richest example that I am acquainted 
with of a bed qf pacos in the alpine limestone, is 
the deposite o£ the mountain of Yauricocha (Cerro 
de Bombon, Peruvian Cordillera of Pasco), situ- 
ated at more than 1800 toises of absolute height. 
Although the woricings of this place, of oxide of 
iron abounding in silver, have in general reached 
hitherto only to the depth of fifteen to twenty 
toises. they have furnished, in the last twenty years 
of the eighteenth century, more than five milUons 
of marks of silver. An experienced geognost will 
consider this remarkable position only as a parti- 
cular developement of the beds of hydrate of iron 
that occur in the zechstein in Upper Silesia, and 
sometimes pass (Hiatus and Wallensee in Switzer- 
land) to lenticular iron. 

The simnltaneous occurrence of mercury in coal- 
sandstone and alpine limestone adds to the rela- 
tions which we have indicated between those two 
formations. In Camiole (Idria), ores of mercury 
are found, accwding to MM. H^n de Villefosse 
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Jiind Boiiiuini, in mai-1-slate similar lo the copper- 
Imarl of Mansfeld. At Peru, near Huancavelica, 
I cinnabar is partly disseminated in a very quartzose 
I sandstone that forms a bed in the alpine limestone 
l(Pertlnencias del Brocal, Comedio, and Codiapata, 
I mine of Santa Barbara); a part fills the veins 
{(mountain of Sillacasa) which unite into bunches 
land traverse the alpine limestone. 

After having mentioned this great variety of tjue 
Ibcds contained in the formation of which we ea- 
Ideavour to describe the relations of position, struo- 
Iture, and composition, it remains tor me to iniUcate 
I the substances which are found simply disseminated 
I shall confine myself to naming flint, rock- 
1, and sulphur. 
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having large openings, which the people call win- 
dows (ventanillas). The flint (panizo) of Gualga- 
yoc is a scaly, hornstone that is greyish-white, of a 
fracture dull and often even, and intimately mixed 
with sulphuret of iron. It passes sometimes to 
quartz, sometimes to gun flint In the first case it 
is cellular, with irregular cavities, and covered with 
crystals of quartz. Great masses ofthispamzo, in 
which veins of grey and red silver and veins of 
magnetic iron form bunches of extraordinary rich- 
ness, resembling the Parisian siliceous limestone of 
tertiary formation; but we see clearly, in several 
of these mines (Choropampa, at the east of Purga- 
torio, near the ravine of Cbiquera), that this metal- 
liferous hornstone is a bed of irregular form, inter- 
stratifled with zechstein or idpine limes<me. It 
contains imbedded great masses of limestone, and 
sometimes alternates (Socabon of Espinachi) with 
that very dark brown and slaty clay, which is found 
in the alpine .limestone of Montan, and which 
renders .the veins entirely sterile. The hornstone 
is destitute of shells, which abound in the principal 
rock, and which sometimes even fill the veins. An 
enormous mass of siliceous matter which appears as 
if melted in the midst of secondary limestone, with 
curved beds, and containing ammonites from eight 
to ten inches of diameter, is no doubt, a' very re- 
markable geognostic phenomenon. Do nodules of 
hornstone (silex com€) exist (vicinity of Florence) 
in transition limestone ? Of what age are the jas- 
pers and diaseminated calcedonies* in the Monti 
Madoni of Sicily ? 



Tlie aipine limestone of Cumanacoa (South 
I America) contains, like tliat of Grosorner (Thu- 
Iriiigia,) disseminated rock-crystals. Those crystals 
■are not found in cavities, but imbedded in the 
■rock, hke feldspar in porphyry, and like rock- 
I crystal or boracite in gypsum of late origin. 

Native sulphur, which we have already seen in 
I the granular quartz of primitive formation, and in 
Itransitioii gypsum, (Sublin near Bex) re-appears in 
lalpine limestone (Pyrenees, near Orth^s, and near 
I the forge of Bielsa ; Sicily, Val de Noto and Maz- 
Izara), and in the foliated gypsum (New Spain* 
I Pateje near Tecosautia) that belongs to this latter 
I formation. The greater part, however, of the sul- 
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p. 388.) doubts are mentioned of the existence of 
ammonites and bdemnites in South America. In 
describing the superposition of rocks in different 
parts of the new continent, I indicated at what a 
prodigious he^^ht the shelly beds of zechstein rise 
in the Cordilleras of Peru and New Grenada. 
We must not suppose that the great revolutions 
which buried the pelagic animals were confined to 
particular climates. 

In regions the most remote from each other, we 
find, in the formation of zechstein, or alpine lime- 
stone, gryphites (G. aadeaia'), entrochites (forming 
in many parts of Germany, according to the curi- 
ous observations of M. de Buch, a distinct bed on 
the junction of alpine limestone and coal-sand- 
stone), terebratulites (T. aUUtu, T. lactaiotus, 
T. trigoneUu$) ; pentacrinites of great length ; a 
trilobite in copper-schist, which, aa to its genus, has 
perh^s not been sufficiently examined {T. bUunU' 
nosus); ammonites (more rare than in muschel- 
kalk and the mu'l <^ Jura limestone) } some 
orthoceratites ; fish which had attracted the atten< 
tion of the ancients (Aristotie, Mirab. auscultate, 
ed Beckmatmitma, c. JS.i Livius, lib. 49. c. 1.); 
bones of the monitor, perh^w even (Tocayma and 
Cumanacoa, in South America) of crocodiles ; im- 
pressions of lycopodiacese and bambousaceee ; no 
real fern, but, which is veiy remarkable (bitumi- 
nous marl of Mansfeld), leaves of dicotyledon 
plants analogous to willow-leaves. It is observed 
that the shells of the dpine Umestone (Ammonites 



33ti 



I mmnonius, A. amaltheus, A. hircinus, NaatiUlcs 
I uvalus, Pcctinites textor'ius, Pectiniles salinarius, 
I Grtjphites gigas, G. aculeatus, G. arcuatus, Mytu- 
I Utes rostratus') are not so much disseminated in 
I the mass of the rock as is the case with the two 
I formations of muschelkalk and Jura limestone, 
I as accumidated in certain parts, and often at great 
I heights. Alpine limestones appear on a very con- 
I siderable extent of country, sometimes entirely 
I destitute of organic remains. 

In the preceding pages we have indicated the 

I fbrniations of equinoxial America that belong to 

the zechstein. Tliere are, in tlie littoral chain of the 

I Caracas, the limestones of Punta Delgrada, Cuma- 
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developement, coal-sandstone is almost entirely 
wanting, and vice versa. This opposition in the de- 
veloperaent of two neighbouring formations struck 
me, especially at Guanaxuato (central table-land 
of Mexico), and at Cuenc^a (central table-land of 
Quito), where the coal-sandstone abounds ; it ar- 
rested my attention in the CordiUeras of Montan 
(Peru), and at Ta8co(New Spain), where alpine 
limestone abounds. We here repeat that when 
the coal-sandstone is not visible, or is not developed, 
the limits between alpine and transition limestone 
are very di£Bcult to trace. In excluding ^m the 
secondary formation all the greyish-blue lime- 
stones traversed by veins of white calc-spar, and by 
beds of clay and marl, the formations of Cumanacoa, 
Tasc(^ and Montan (Venezuela, Peru, and Mexico), 
like those of the most northern Alps of the Tyrol 
and Salzboui^;, become transition formations. I 
am inclined to think that the formations we have 
just named, like those of the Mole, Haacken, and 
Pilatus, are the most ancient beds of zechsteiQ 
which are connected with the transition limestone 
of la Dent de Midi, Oldenhom, and Orteler. 
Many rocks succeed each other by a progressive 
developement, and it appears quite natural that the 
last beds of a more ancient formation should exhibit 
a great analogy of structure with the first beds of 
the superposed formation. 

It was recently proposed to place among the 
beds interstratified with zechstein or alpine lime- 
stone two other substances, greenstone and dole- 
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wiiicli we already know to be subordinate to 
loal-3andstone in many parts of Europe ; even sy- 
enites, porphyries, and secondary grajiites have been 
Indicated as superposed on alpine and Jura linie- 
Ktoncs. They are rocks of that part of tlie south- 
east of the Tyrol (valleys of Lavis and Fassa ; Re- 
Eoaro) on which Count Marzari Pencati has pub- 
lished very curious observations. The position of 
Ihese substances being still a contested point of 
peology, I ought here to confine myself to mention- 
lig the state of the problem, and of a question so 
Tvorthy of the attention of geognosts. 

M. de Buch already remarked in 1798, that be- 
Pergine and Trento (Lago di Colombo, 
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Li. p. 303. 309. 315» 316.) M. de Marzari, 
whose researches began in 1806, thinks he saw in 
the vicini^ of Recoaro, succeeding each other 
from below upwards, mica-slate and dolerite (filling 
at the same time the veins that traverse the mica- 
slate, and c<Hitaining pyroxene and titaneous iron); 
red sandstone with coal and bituminous marl i 
zechstein, of which the lower beds are a limestone 
with graphites, a formation of syenitic porphyry 
with interposed amygdaloid. M. de Marzari indi- 
cates, in the valley of Lavis ( Avisio), always from 
below upwards, grauwacke, porphyry, red sand- 
stone, alpine and Jura limestone, granite, and black 
pyroxenic masses destitute of olivine. According 
to the interesting memoir published by M. Breis- 
lak, the secondary granite placed on alpine lime- 
stone is altogether similar to the finest granite of 
Egypt; it contains (Canzacoli delle coste. Fed- 
razzo), large nuuses qf quartz with tourmaUne ; its 
contact renders the limestone that supports it gra- 
nular (at the depth of several toises); it passes 
sometimes to SLpyro-renic rock, sometimes to a por- 
phyry with a black feldspathic base, sometimes to 
serpentine. (Marzari, Cemi geologici, 1819* p.45. ; 
Id. Nttevo osservatore Feneziano, 18S0, No. 113. 
et IS?.; Breislak, Sulia giaciiwa delle rocce por- 
^ritiche e gramtose del Tirolo, 1821, p. 22. 25. 52. ; 
Marzaii, Lettera al signor Cordis, 1822, p. 3. ; 
Maraschini, Obs. geogn.sur le ViceTitiny 18S2,p.l7.) 
Between la Piave and the Adige, an agathiferous 
mandetstein, which reminds us of those of the red 
z 2 
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laiiilstoiio, siiniiounts alpine limestone ; it is said 
be a parallel formation to beds of secondary 
granite. M. Brocclii, an excellent geognost, who 
liublished a memoir in the year 1811 on the valley 
If X"asfia, has not only seen gret'iistone ]iartly py- 
Boxenic cover what he believes to be transition 
limestones, but which in their upper beds pass to 
llpiiie limestone with silica ; he has also recognised 
Ihosc pyroxenic greenstones as alternating witli 
limestone. (Melignon, Fedaja.) 

1 here state very extraordinary facts of position, 

(nd on which no doubt M. de liucii, who has re- 

cntly visited the valley of Fassa, will throw new 

The relations of position of those countries 

<ck on which 



most modern formations. We already know from 
the excellent observations of MM. Mac Cullocti 
and Bou^, that in Scotland, and in several parta 
of the continent, granular, porphyritic, syenitic 
and pyroxenic rocks, extend from the transition 
formation to the coal-sandstone. Alpine limeetone 
is immediately superposed on the formation of 
porphyry, and red sandstone, which is gcognosti- 
cally connected with that formation. From these 
statements it ap]>ears to me that it would not be 
surprising to see these very crystalline (amphi- 
bolic and feldspathic) beds, wbicli we have already 
recognised in coal-sandstone, interstratified witli 
alpine limestone. Poative geognosy ought to pre- 
sent a chain of facts well observed, and judiciously 
compared together ; it does not show that the re- 
petition of certain crystalline types stops neces- 
sarily at the coal-sandstone ; the observations of 
Marzari would not consequently overthrow any 
geognostic law. If they are confirmed by future 
researches, they will serve to enlarge our views 
respecting the curious phenomenon of alternation 
in formations tiie most remote from each other. 
As veins filled witli greenstone, syenites, and py- 
roxenic masses, traverse in several parts of the two 
continents primitive granite, clay-slate, transition 
porphyries, secondary limestones, and even form- 
ations above the chalk, several celebrated geo- 
gnosts have suspected that the problematic rocks of 
the shores of the Avisio (Lavis) are perhaps vol- 
canic masses or currents of lava which have ])ro- 
7 y 



and chalk); but the great massi 
enter into the composition of tin 
MM. lie Mar/ari and Breislal' 
nileSy seem to remove these j 
from the modem productions o 
us hope that observations, ofler 
spot, will dissipate every doubi 
incredulity is as hurtful to scien 
readiness in admitting facts inc( 
We must chiefly distinguish bei 
(trachytic ?) which are spread ov( 
ations, and which are only sup 
and (amphibolic, pyroxenic, syei 
which they may be interposed, 
position alone may be the obje< 
servation ; the problem of the or 
superposed or interposed beds 
gony. Many very ancient rocki 
strata of melted matter, and th 
tions to which the rocks of Fassa 
part be applied to porphyries and 



HI. ARENACEOUS AND CALCAREOUS DEFOSITES 
(marly and oolitic) PLACED BETWEEN THE 
ZECHSTEIN AND THE CHALK, AND CONNECTED 
WITH THOSE TWO FORMATIONS. 

Id ascending from the transition formation bj 
secondary rocks to the tertiary fo^nation, the phe- 
nomenon of aUemation between limestone and 
arenaceous beds becomes more and more striking. 
We first see the intermediary limestone white and 
crystaHine(Tarantaise), or compact and carburetted, 
alternating with grauwackes ^ and then succeeded 
by the red sandstone, alpine limestone or zechstein, 
variegated sandstone (red marl), muschelkalk (lime- 
stone of Gottinguen), quadersandstein (sandstone 
of Konigstein), limestone of Jura (oolitic forma- 
tion), green sandstone or secondary sandstone with 
lignite (green sand), chalk, tertiary sandstone with 
lignite (plastic day), Parisian limestone, &c. &c. 
I must here call to mind six alternations of twelve 
intermediary, secondaty, and tertiary, formations 
(arenaceous and calcareous), according to their re- 
lative antiquity, as if in one spot of the earth these 
rocks were all simultaneously developed. By the 
frequent suppression of some of them, particularly 
of the vari^ated sandstone, muschelkalk, and qua- 
dersandfitein, the Jura limestone (oolitic) some, 
times reposes immediately on the alpine lime- 
stone (Andes of Mexico and Peru, Pyrenees, 
Apennines). 

The deposites which we unite in this tliird grand 
z 4 
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livision (§§ 29 — 33.) form nearly tlie w 

£ middle sedimentary Jbrmation of M. Brongniart- 
J hesitate to use denominations that relate to limits 
lo differently traced by modern geognosts. M. 

Poiiybeare, in the excellent work lie lias lately 
JmbUshed in conjunction with Mr. Pliillips, on the 
lieology of England, distinguishes the fonnations 
Into supermedial, medial, and submcdial. So many 
Bystematic divisions perhaps adds to tlie difficulty 
Tvhich the synonymy of rocks already presents. 



■LAV AND VARIEGATED SANDSTONE (OOLITE-SAND- 
STONE, SANDSTONE OF NEBHA J NEW RED BAND- 
STONE, AND RED marl) WITH GYPSUM AND 
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sometimes lamellar, most frequently fibrous,, and 
without fetid limestone. We have seen above, that 
in Germany and France a great number of salt- 
springs flow over beds of clay and gypsum, and 
that at Thiede, between Wolfenbiittel and Bruns- 
wick, as well as at Suiz near Heilbronn, small 
masses of rock-salt are disseminated in that form- 
ation, which, at Sulz, was reached by soundings 
after the muschelkalk and before the zechstein. 
The red marl (red ground, red rock, red ford) so 
well examined by MM. Winch and Greenougb, 
destitute of petrifactions and oolitic beds, and di- 
vided by fissures into rhomboidal masses, is in 
England the real position of rock-salt ; it is com- 
posed, in its upper beds, of marly clay, gypsum 
(alabaster), and salt (Witton near Norwich ; Droit- 
wich) ; and in its inferior beds, either of conglo- 
merates with pebbles of primitive and transition 
rocks, or of fine-grained sandstone (between Exeter 
and Axminster). The rock-salt of England, Lor- 
raine, and Wurtemberg, connects the formation of 
sandstone and variegated clay, towards the lower 
part, with the zechstein or alpine limestone ; to- 
wards the upper, in the north of Germany, this 
formation passes to muschelkalk, of which the most 
ancient beds are a littie arenaceous. It may be 
also sfud, that the oolites of the variegated sand- 
stone (Eisleben, Endebora, Brundel) and its marls 
precede the JuT&formationi but these reddish-brown 
oolites are insensibly lost in an arenaceous rock } 
they diflfer essentially from the white and yellowish- 






the conu:lonieratcs of Kxcter aiu 
voiisliire), which, under the nan 
glomerate^ rei)resent the coal-sa 
leld, are as closely connected 
d^K>sites of coal with the transi 
tain limestone and old red sandsl 

Iq describing dbove the red i 
Grenadap I considered the gradatic 
and structure which distinguish tb 
from the variegated sandstone ( 
with respect to tlie interposed bee 
clay, and coarse conglomerates, 
erates, which characterise the lowe 
marl, reappear in the chain t^ tli 
upper beds of the variegated sand 
and are supposed to be colourec 
chr6me ; they are sometimes mi 
Jaminffi of sulphate of barytes (A 
Gottinguen)« 

Subordinate beds : 1% clay-gyps 

ritiC with aro/»-n.-2^- ^^ 
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(CresfeM and Helbra in Saxony, Dolau in Fran- 
coma, Neuland near Ldwenberg in Silesia, Ama- 
jaque in Mexico) ; 2", limestone in thin beds, some- 
times marly, sometimes containu^ magnesia j 3% 
clay impregnated with mineral pitch (Kleinschep- 
penstedt near Brunswick) ; 4°, ssmd (triebsand), 
with great cbamites and petrified wood (Burgor- 
ner) ; 5°, very quartzose sandatone, almost without 
any visible cement, extremely characteristic not 
only of the variegated sandstone, but of the plastic 
clay that surrounds the strata of basidt ; 6°} brown 
iron often in g^odes i 7°, traces <^ coal, perhaps 
even of lignite, which must not be confounded 
with the analogous deposites of the quadersandstnn, 
and secondary and tertiary sandstone with lignite 
(below and above the chalk). It is asserted, that 
branches of carbonised trees have been found in 
the clays with gypsum of Oberwiederstedt in Thu- 
ringia ; and in fiict, the argentiferous schists o€ 
Frankenberg (Hesse), which are nothing more than 
carbonised phytolites, penetrated by metals, i^pear 
to many geognosts to belong to the variegated 
sandstone. M. Bou^, whose obliging commimica- 
tions haye often enriched my labours, observes that 
the vari^ated sandstone exists as outliers in the 
south-west of France and is there represented by 
marl and fibrous or compact gypsum (Cognac, S. 
Froult near Rochefort), and is sometimes imme- 
diately covered by Jura limestone and coarse day. 
The vari^ated sandstone has assumed a consider- 
able devcdopement at the fiwt of the Pyrenees, 



I between S. Giron and Rimont. As in that part of 
I the Andes which I passed over, the secondary 
I formations, that is, those which are above the alpine 
1 Hmestone, are scarcely at all developed, I think I 
I clearly distinguished the variegated sandstone only 
I in the following places. 

At Mexico, in descending mountains composed 
I of intermediary porphyry, and eminently metalli- 
Iferous, (Real del Monte and Moran) towards the 
I hot baths of Totoniico el Grande, a considerable 
I formation of bluish-grey limestone occurs, almost 
I free from shells, generally compact, but containing 

/ white granular beds which are coarse-grained. 

s hmestone, celebrated for its caverns (Danto 
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tlie coal-sfthdstone ; but if the limestone whi<;h 
separates it (between Tisnao and Calabozo), fer 
from being zechstein, is, an its smooth fracture 
and its resemblance to Uth<^raphic limestone seem 
to indicate of the Jura formation, these gypsums 
of the Llanos must be stUl more modern than those 
of the variegated sandstone. At Guire (eastern 
coast of Cumana) a white and granular gypsum 
(Jurassic ?) contains large masses of sulphur. Sah- 
ferous clay mixed with gypsum and petroleum of 
the peninsula of Araya, opposite to the Isle de la 
Marguerite, is placed between zechstein and a 
tertiary formation. Gypsum being contained in the 
latter formation (hill of the chateau St. Antoin^ 
at Cumana; plains between Turbaco and Car- 
thagena), it might be thought that the saliferous 
clays of Araya are much more recent than red 
mart or variegated sandstone. But I dare not pro- 
nounce with confidence on the age of these form- 
ations, in the absence of so many rocks that we find 
elsewhere placed between the zechstein and the ter- 
tiary formation. The gypsum which I examined 
in the interior of New Grenada (table-land of Bo>- 
gota -, Chapand at the west of Contreras (appeared 
to me to be of the alpine limestone formation. 

When we examine the formatioD ^ S9. in coun^ 
tries remote from each other, we find the deno- 
mination of variegated sandstone as improper as the 
denomination of red sandstone ; we may substitute 
for the latter that of coal-sandstone, in recollecting 
one of the most general And positive results of 
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Imoden) geognosy. It were to be wished that a 
Igeognost of great authority wouhl substitute a 
Igeographical name for that of variegated sandstone 
sandstone with brown ooHte. Till then I sha)) 
I continue to use the denomination of sanrf^/onc of 
I Nebra. 

MUSCHELKALK (SHELLY LIMESTONE ; LIMESTONE 
OF COTTI^fCUEN). 

§ 30. A formation veiy httle variable, and which 
I the too vague denomination of sJielly limestone 
I has caused to be confounded, out of Germany, 
1 the inferior or superior beds of Jura limestone 



kalk has generally pale tints, whitish, greyish, or 
yellowish, of a dull and compact fracture ; but 
the mixture of small lamine of calcareous spar, 
produced perhaps by the remains of petrifactions, 
renders it sometimes a little granular and brilliant; 
several beds are marly, arenaceous, or passing to 
the oolitic structure (Seeberg near Gotha ; Weper 
near Gottiuguen, Preussiach-Minden* Hildesheim). 
Homst<nie, passing to gun-flint and jasper (Drans- 
feld, Kandem, Saarbriick), is either disseminated 
by nodules in muschelkalk, or there form small 
beds little continued. The lower beds of this 
formation alternate with the validated sandstone 
(between Bennstedt and Kelme), or are connected 
insensibly with sandstone, being charged with sand, 
clay, and even (at the eaat of G>bourg) with mag- 
neua (magnesiferous beds of muschelkalk). 

Subordinate beds. Mari and clay, so irequent in 
tJ)e Jura' limestone, variegated sandstone, and 
zechstein, are somewhat rare in the muschelkalk. 
This rock contains in Germany, hydrate oS iron, 
a little fibrous gypsum (Sulzbourg, near Niwni- 
bourg), and coal (lettenkohle of Voigt ; at Matt- 
stedt and Eckardsberg near Weimar) mixed with 
aluminous ^te and carbonated &mU (coniferes ?). 
The more the coal advances towards the tertiary 
formations, the nearer it approachef^ at least in 
some of its beds, to the state of lignite and alu- 
minous earfii. 

Petrifactions. According -to the researches of 
M. de Schlotthom, axA r^ecting the beds that do 
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not belong to tlie muschelkalk : Chamiles sMa/uSf 
Belcmnkes podiUostts, Ammonites amalleus, A. no- 
I dosiis, A. angiilatus, A. papi/raceus, NauiUiles 
I (nnodatiis, Buccinites gregarhis, Trochilites lervis, 
I Turb'miles ceril/ihm, Myaciles ventricosus, Pecti- 
I niles reliculattis, Oslradtes spondi/loides, Terebra- 
I iulifes Jragilis, T. vulgaris, Gri/philes cifmbium, 
I G. suillus, MytuUtes socialis, Pentacriniles vulga^ 
Eucrinites UUiJbrmis, &c. Some insulated 
I beds of Jura limestone contain perbaps still more 
I petrifactions than the muschclkatk ; but the remains 
I of organised bodies abound in no secondary form- 
I ation so uniformly as in that which we have just 
I described. An immense quantity of shells partly 
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very distinct fonnations to be confounded together. 
The denomination of limestone with graphites 
(graphytenkalk of zechstein and of the Jura lime- 
stone), and all those which bear allusion to fossil 
bodies, without indicating the species, expose us 
to the same danger. It is asserted that mus- 
chelkalk contains the bones of large animals 
(oviparous quadrupeds ? Freiesleben, t. i. p. 74'> 
t iv. p. SI. SOS.) and birds (ornithohtes of Heim- 
berg ; Blumenbach, Naturgesch, t, iii. Aufl. p. 663.) ; 
but tliese bones may probably belong, like rfie teeth 
of fish, to the breccias or marls superposed on 
muschelkalk ? 

Some celebrated English geognosts, MM. Buck- 
land and Conybeare, thought they recognised, in 
their travels through Germany, the muschelkalk of 
Werner as identical with the Has, which is tlie lower 
bedof the Jura limestone. lam inclined to think tha^ 
notwithstanding the bluish-grey ooUtes observed in 
the muschelkalk on the banks of the Weser, there 
is rather a parallelism than an identity of form- 
ation. The muschelkalk occupies the same place 
as the lias ; it abounds equally in ammonites, tere- 
bratuhtes, and encrinites j but the species of fossils 
difler, and its structure is much more simple and 
uniform. The strata of muschelkalk are not sepa- 
rated by the blue clays that abound in the upper 
and lower layers of the lias formation. The middle 
beds of that formation have a smooth dull fracture, 
and resemble much more the lithographic varieties 
of Jura limestone than the muschelkalk of Got- 



inarl)lo) may present, we must recoil 
alternate with tbrmations altou'ether 
are separaletl from the red marl by th 
as oolitic Jura limestone is separated 
kalk from the variegated sandstone 
recognised muschelkalk in France, 
land of Burgundy, near Viteaux am 
Forges, and near Dax in the commi 
de Lon, &c. I did not observe it 
noxial part of America. The very arer 
filled with madrepores and bivalve s 
coast of Cumana and Carthagena, whit 
thought were connected with them, 
tertiary formations. 

QUADERSANDSTEIN (SANDSTONE OF K 

§ 31. A very distinct formation (1 
Elbe, above Dresden, between Pima, S 
Konigsteui; between Nuremberg and \ 
Stafielstein in Franconia; Heuscheune, 



the sandstone of the plastic clay (trappsandstein), 
or with ihe sandstone of Fontainebleau, above the 
calcaire grossier of Paris j it is the white sandstone 
of M. de Bonnard, the sandstone of third form- 
ation of M. d' Aubuisson. Preferring geographical 
denominations, I often name this formation^ sand- 
stone qf Kunigstein; tlie variegated sandstone, sand- 
stone qf Nebra ; and the muschelkalk, the limestone 
ofGott'mguen. 

The quadersandstein is of a whitish, yellowish* 
or greyish colour, very fine-grained, with an, 
argillaceous or quartzose cement, almost invisible. 
Mica is there little abundant, always silvery, and 
disseminated in insulated spangles. It is destitute 
both of those interposed beds of oolite, and of those 
flattened or lenticular masses of clay (thongallen) 
which characterise the variegated sandstone. It is 
never slaty, but divided into beds little inclined, 
veiy thick, cut at right angles by fissures, and some 
of which easily decompose into very fine sand. It 
contains hydrate of iron (Metz) disposed in nodul^ 
The organic remains disseminated in this form- 
ation afford, according to MM. de Schlottheim, 
Haussmann, and Raumer, an extraordinary mixture 
of pelagic shells, very anal(^us to those of the mus- 
chelkalk and dicotyledon phytolites. ' There have 
been found in it mytulites, tellinites, pectinites, 
turntellse, oysters (no ammonites, but cerithia; 
Habelschwerd, Alt-Lomnitz in SUesia), and at tiie 
same time wood of the palm-tree, and impressions 
of leaves belonging to the class of dicotyledons, and 
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Inall (Icposites of coal ( Deister, Weferslebeii 
Tear Qiiedlinbourg), well described by MM. Rctt- 

?rg and Schulze, passing to lignite. These ves- 
Iges of wood, of a bituminous quality, may no 
loubt surprise us in a formation so far removed 
rom tlie great ibrmation of lignite which is placed 
Ictwcon the chalk and coarse Parisian limestone ; 
lut recent observations show us traces of true Kg- 
flir as in the limestone with gryphiea 
■rcuata below the lias (le Vay, coast of Caen), and 

1 far as the variegated sandstone. The coal of 
jiferior quality in the rauschelkalk, and conse- 
luently of a more ancient formation than the 
^rsandstc'in, passes also to lignite. 
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.nor to Jura limestone; thus, it is placed by 
MM. Buckland, Conybeare, and Fhilipps, between 
the chalk and the last oolitic beds. But. according 
to the observations of M. Bou6 and several other 
celebrated geognosts of Germany, the quadersand- 
stein (sandstone of Konigstein), alternating some- 
times with marly beds and conglomerates, reposes 
immediately on gneiss near Freiberg ; on coal-sand- 
stone in Silesia and Bohemia j on vari^ated sand- 
stone (sandstone of Nebra) near Nurembei^ in 
Franconia ; on muschelkalk (limestone of Gottin- 
guen), Hildesheim and Dickholzen near Helmstadt^ 
and near Schweinfurt on the Mein. It is covered 
by Jura limestone, and alternates with the marly 
beds of that limestone, in Westphalia* between 
Osnabruck, Bielfeld, and Biickebom-g. 

JCRA LIME^STONE (lIAS, MABLS, AND THE GREAT 
OOLITIC DEPOSITES). 

§ 32. A very complex formation, composed of 
alternating beds of marly and oolitic limestone, 
containing gypsum and a little sandstone. The 
mode of partial alternations, though very constant 
in every locally, varies in countries of considerable 
extent ; we recognise, however, on the most dis- 
tant points of £urope, a striking andogy between 
the great divisions or principal beds. In the series 
of formations, the nearest of secondary rocks, the 
limestone of Jura (Jurassus) is placed between the 
quadersandstein and the chalk. The latter even 
A A 3 
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|>asses into it insensibly, and may often be cod- 

, by the analogy of its fossils, as a continu- 

tion of the Jiira limestone. The supeqjosition of 

limestone on the quadersandstein, so long 

lontested, is seen in Germany, according to 

, Schmitz, near Wilsbourgj according to M. 

pou6, near Blumenroth Staffelstein, and between 

psnabnick and Biickebourg. When the three forra- 

Itions of quadersandstein, muschelkalk, and varie- 

pated sandstone, are not simultaneously developed, 

B Jura limestone, by the suppression of the 

:ermediary members of the geognostic series^ 

Timediately covers tlie zechstein, or alpine lime> 

In that case (northern declivity of the 
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the varie^ted sandstone, muschelkalk, and quader- 
sandstein). The arenaceous fonnations, fi and i, al- 
ternate with day and marl more or less abundant* so 
that by a great derelopemeot of their disaggregated 
beds these reduce the stony strata to the state o£ 
simple interposed beds, and end, as it happens in the 
west of France, by filling up the whole interval 
between a and i. 

Jura limestone covers witliout interruption a 
great extent of country, irom the chain of the 
Alps as far as the centre of Germany, from Geneva 
as far as Streitberg and Mu^endorf in Franconia. 
This formation eont^ning caverns towards the 
north with fossil bones, has singularly arrested tiie 
attention of the German geognosts. M. Werner 
coD^dered it as identical with the muschelkalk. I 
observed since the year 1795, that it difiers from it 
essentially, and I proposed to designate it by the 
name of limestone of Jura, on account of the per- 
fect analogy that exists between the western moun- 
tains of Switzerland and those of Franconia. This 
denomination is now generally received ; but it has 
been proved that the Jura limestone, instead oi' 
being placed below the vari^ated sandstone (as I 
had erroneously believed with the greatest number 
of geognosts, confounding this sandstone with the 
molasse of Argovia and the sandstone of Dondorf 
and Misselgau near Bareuth), is more recent than 
the variegated sandstone, muschelkalk (Bindloch), 
and quadersandsteiq (Schwandorf, Phantaisie ( ? % 
and Nuremberg). This interposition between the 



|[iiadcrsanclstciii and the chalk, which is founded on 
irect observations, explains very well the gradual 
ftassage (moittitain of S. Pierre near Maestricht), 
If the crate luffeait to the Jura formation. The 
lame often given to the latter of cavenions lime- 
Itone (hohlenkalk) may lead to erroneous com- 
larisons. We must distinguish between formations 
|f which the whole mass is cellular and full of cavi- 
and rocks with caverns. Several of these 
locks containing vast caverns are neither porous 
■or cellular. The transition limestone (mountain 
Imestone of Derbyshire) would deserve in lingland_ 
Ind Hartz, almost as much as that of Jura, the ap- 
Bellation of cafeni limesioiic. Rauchkalk and 
puchwacke, on the contrarj', which form tlic 
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extent of country. We shall name them here, bo- 
ginntng by the roost ancient ; marly limestone (and 
very hard calcareous marls), greyish-blue, analo- 
gous to the lias of England (according to MM. 
Bou^ and Buckland, Essai giogrt. sur PEcosse, 
p. 201., and Struct, of the Alps, p. I7.), sometimes 
traversed by veins of calc-spar filled with the gry- 
phsa arcuata, yellowish-grey oolites alternating with 
marl partly bituminous, and with gypsum ; com- 
pact limestone with a smooth and dull fracture 
and white oolites ; beds filled with madrepores 
analogous to the coral limestone of Normandy and 
the coral rag of England ; slaty limestone with fish 
and Crustacea (Pappenheim and Solenhoffen). The 
lower bed of this complex formation is particularly 
marked in France (Burgundy), and in the south of 
Germany (Wurtemberg), by the name of limestone 
with graphites ; but some geognosts seem inclined 
to separate this bed from the limestone of Jura, 
considering it with MM. de Buch and Brongniart, 
as belonging to the zechstein, orwith M. Keferstein, 
as being parallel to the muschelkalk. Here an im- 
portant question arises, that of knowing in what 
relation of position and composition the limestone 
with gryphites of Jura is found, with that which 
bears the same name in the north of Germany, and 
which M. Voigt has made known since the year 
179s ? A great analogy between the nearest beds 
of two formations sometimes immediately super- 
posed to each other has nothing in it surprising i 
the same species of gryphaea may occur in very 
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jura, make mc lean to the 
stone, and that of the ijcrvph 
tenkalk ot* X'oigt), phicetl 
sandstone, are not of the 
i. Merian, in his excellent Mor 

of Bale, states also this opin 
M. Haussmann, the argillacec 
ielden, on which the Jura lit 
variegated sandstone ; while 
I Umgeb. von Basely p* 1 10.) 

jA I sandstone^ and supposes that, 
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It is indubitable, and what 
to mention, that the Jura 1 
Laufenbourg reposes on gra 
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beds of Jura limestone, which are the most com- 
pact. Marl and oolites are here much more rare than 
in the west of Switzerland, and in France (Caen, 
Lons-Ie-Saulnier). According to M. de Schmitz, 
we find between Eichatadt and Ratisbon, a lime- 
stone very cellular ; granular beds containing druses 
filled with sand ; compact and conchoidal limestone 
with nodides of flint ; sla^, and fissile limestone, 
analogous to that of Sohlenhofen luid the litho- 
graphic slabs of Heuberg near Kolbingen. These 
beds lull of cavities (valley of Laber near Berod- 
hausen, P^nitz, Creussen, Tumbach), which I 
found also in Italy (valley of Brenta between Car- 
pane and Primolano), at the isle of Cuba (between 
Potrero de Jaruco and the port of Batabano), at 
Mexico (table-land of Chilpansingo), give to the 
surface of the country, which is covered with small 
pointed rocks, a very peculiar aspect. 

In the west of France, according to M. Bou^ 
an uninterrupted band of Jura limestone extends 
from S.E. to N.W^ from Narbonne and Montpel- 
lier as far as la Rochelle, separating towards the 
north the transition formation of La Vend^ and 
the primitive formation of Limousin. The marly 
and oolitic beds have assumed a much greater de- 
velopement on the coast (^ Norm^dy than in 
Germany. We shall state, from the interesting 
researches of M. Provost, the superposed beds be- 
tween Dieppe and the Cotentin, beginning, as 
usual, by the most ancient beds; 1°, limestone 
with gryphcea arcuata and lithogr^hic limestone 
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(Le Vay, Issigny), containing lignite, and stiper- 
jjosetl on the transition fbrniation ; 2°, inferior beds 
of clay and oolites (clay of the Vaches-noires, al- 
ternating with lias containing remains of the ichthy- 
osaurus ; the grey oolites of Dive, which ai'e feiTu- 
gineous, mixed with clay containing lignites, and 
numerous petrifactions of madrepores, modioJa, 
Gryphcca dmbium and ammonites j white oolites) ; 
S°, Umcstone of Caen; the lower beds witli nodules 
of sUex, and few shells (ammonifes, belemnites), 
and having some bones of the crocodile ; the upper 
beds contain madrepores (coral-rag), trigonia;, and 
cerithia, perfectly analogous to those found above 
tlie chalk ; 4", upper beds oi" clay at Cape la Hi^ve, 
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their country with indefatigable zeal, distinguisit 
the beds of Jura limestone by denominations partly 
very characteristic, and several of which resemble 
the subdivisions acknowledged on the continent ; 
1 % Lias with a little flint, covering the saliferous red 
marl, analogous to the limestone with the gryphsea 
arcuata of the continent ; the upper two thirds 
consist of an ar^Uaceous bluish mass, alternating 
with beds of limestone ; towards the lower part 
these beds increase in thicknessi become white, and 
pass to a stone flt for lithographic purposes (bones 
of the ichthyosaurus, and near twenty ^ecies of am- 
monites, belemiiites). 2", Lower system qf oolites, 
\\z. oolite mixed with sand, fullers' earth, great 
bed of oolite (great oolite) with remains of shells; 
oolite-slate of Stonesfield, forest marble, combrasb, 
and kelloway rock, shelly and arenaceous lime- 
stone. 3% Middle sff stem of oQlites,viz.; Oxford clay 
(clunch-clay of M. Smith), sand, and calcareous 
conglomerates (calcareous grit), coral-rag, or lime- 
stone with madrepores and echinites. 4°, Upper 
^stem qf oolites ; clay of Kimmeridge, blue, a 
little bituminous, analogous to the blue clay of Cape 
la Hdve in Normandy, which are also above the 
limestone with madrepores and oolites; Portland 
stone with ammonites ; Purbeck stone, an ar^Ua- 
ceous limestone filled with shells, alternating with 
marl and gypsum. I have followed the divisions of 
MM. Smith, Conybeare, and Philipps, which differ 
a little from those adopted by M. Buckland. The 
three systems of oolite In £ngland are separated 
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Ostrea gregaria, O. pahnaia, Modiola iafis, M. 
tiepressa, M. minima, Pentacriniles caput Medusce, 
P. basaltifomiis, etc. Although the species of 
ammonites (twenty in number), belemnites, and 
pentacrinites, described as in lias, are not identical 
with those of the muscliclkalk, it appears to mo 
very remarkable that we find three families in 
rocks of nearly tlie same age, between the last 
strata of zechstein (alpine hmestone) and the first 
or most ancient of the Jnra limestone. MM. Pre- 
vost, Lamouroux, and Brongniart will soon enrich 
zoological geognosy by the profound researches 
they have made on the shells and zoophytes found 
I the coast of France, between Dieppe and the 
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which M. Sowerby calls Gryphites incurvus, and 
which characterises the lower strata of the Jura 
formation in Switzerland and on the eastern coast 
of France, is also the shell, which after the Am- 
monites Bucklandi and the Plagiostoma gtgantea, 
characterises most the lias in England. The beds 
of white and granular limestone that are found 
frequently in this formation (Neufchatel, Monte 
Baldo) are owing to petrifiictions of madrepores. 

We have already seen fish in greater or less 
abundance, but belonging to very distinct genera, 
in transition clay-slate (Glaris), in the carburetted 
slate of the red s^dstone (Goldlauter and Ail- 
that near Kleinschmalkalden), in the alpine lime- 
stone and its copper marl, and even in the mus- 
chelkalk, (very rarely, Esperstedt, Obhaussen) : 
these ichthyolites are more frequent in the Jura 
limestone, particularly in its upper beds. From 
thence they ascend above the chalk into the ter- 
tiary sandstone with lignite (plastic clay), into the 
calcaire grossier (Monte Bolca), gypsum with bones 
CMontmartre), and fresh-water limestone (Q2nin- 
gen). I mention the formations that present ana- 
logous phenomena, according to the order of their 
relative age, to prevent the errors that arise from 
ignorance of those analogies. 

A justiy esteemed geognost, M. Buckland, is 
inclined to regard the fissile limestones of Pappen- 
heim and Sohlenhofen, celebrated for their impres- 
sions of fish and Crustacea, as superposed on the 
Jura limestone, and belonging to the calcaire gros* 
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er of tertiary formation ; tliese slaty Umetoues 
ppear to me, on the contrary, altogether analo- 
OU8 to the Purbeck stone of England, which 
l)oun(ls also^in petriiications of fish, and forms, 
ke the limestone of Pappenheim, the latest bed 
f the Jura formation. I had occasion, in 1795, 
i examine the fine quarries of Sohlenhofen, con- 
lintly with M. Schopf, and in going from Mug- 
endorf by Ansbach to Pappenheim, we obser\'etl 
close connection between tlie various beds of the 
mie formation. MM. de Buch, Bou6, and Beu- 
ant are of this opinion respecting tiie ichtliy- 
lites of Franconia; 

toth Jm-a limestone and calpaire p-rossier exist in 
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nagelfluhe, analogous to the calcareous grit of the 
oolitic formation of England (Filey in Yorkshire). 

I thought I recognised in the equinoxial zone of 
America the Jura formation in several whitish lime- 
atones, partly lithographic, with a fracture smooth 
and dull, or very flat conchoidal. These are the 
limestones of the cavern of Caripe (south-east of 
Cumana), the shore of Nueva Barcelona (Vene- 
zuela), the isle of Cuba (between the Havannah 
and Batabano; between Trinidad and the boca 
del Rio Guaurabo), and the central mountains of 
Mexico (plains of Salamanca and defile of Bataa). 
The white limestone of Caripe, which resembles 
perfectly that of the caverns of Gailenreuth in 
Franconia, U superposed in the bluish-grey alpine 
limestone of Cumanacoa, The Jura formation of 
the shore of Nueva Barcelona contains small beds 
of homstone, passing to a black siliceous schist 
(a phenomenon which occurs also near Zacatecas 
at Mexico) ; it is covered (Aguas calientes del 
Bergantin) like the alpine limestone at the summit 
of the Impossible, with a very quartzose sandstone. 
It might be ima^ned that this sandstone of Ber- 
gantin belongs to the quartzose beds of green sand- 
stone, or secondary sandstone with lignite ; but, as 
it also forma beds in the alpine limestone (Tumi- 
riquiri), it remains very doubtfiil if the sandstone of 
Bergantin and of Tumiriquiri are different form- 
ations, or if beds quite similar extend from the 
alpine Umestone into the Jura formation. This 
formation abounds less than any other secondaiy 
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I Ibrmation in arenaceous rocks. We have however 
I mentioned above, beds of sandstone in the western 
mountains of Switzerland, at VValdburgstuh], Epti- 
I gen, and Hemmiken near Bale. In the vast steppes 
I of Venezuela, near Tisnao, it appeared to me that 
I the red sandstone immediately supports (as at 
I Scliwarzwald in Swabia) a lithographic limestone 
I very analogous to the Jura limestone. This posi- 
I tion is also to be found at Mexico, in the plains of 
I Temascatio, south-west of Guanaxuato. At the 
I northern extremity of the valley of Mexico (be- 
I tween Hacienda del Salto, Batas, and Puerto de 
I Reyes), a greyish-blue limestone formation with a 
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abound little in petrifactions of shells, and beds of 
marl. Their dull and smooth fracture gives them 
altogether the aspect of the Jura limestone of 
Germany and Switzerland. Are these limestone 
formations of America, the Pyrenees, and the 
Apennines, which appear so closely connected with 
the alpine limestone (zeschtein), only the newest 
beds of the latter, and ought they to be separated 
from the real Jura limestone, rich in shells, oolite, 
and marl? This important question can be re- 
solved only by multiplying the observations of 
position, which are much more decisive than those 
of composition and exterior aspect. 

FERRUGINOUS SAND AND SANDSTONE, GHEEN SAND 
AND SANDSTONE, SECONDART SANDSTONE WITH 
LIGNITE (iron SAND AND GREEN SAND). 

§ 33. This division contains sandstone and sand 
with lignite, placed below the chalk ; they are two 
arenaceous formations, coloured by iron, separated 
by a bed of clay, (weald clay), and superposed on 
Jura limestone, (oolite formation). In England 
they attain the thickness of a thousand feet, and 
are found in the west of France, where MM. Pre- 
vost and Boue have made them the object of a 
profound study. 

The yellowish-brown,^m^moitf sands alternate 
with siliceous sandstone and small masses of iron 
ore, often worked with advantage ; it contains 
fossil wood and lignite (Bedfordshire, Dorsetshire). 
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quadersandstein of Gennany and the siliceous beds 
of the green sandstone (Iron sand) either in th^ 
solid state, or in a state of disaggregation, has led se- 
veral gec^osts to confound those two fonoations. 
M. Bou^ who has so well explored the positions 
of the rocks in Scotland, England^ and Gennany, 
recognised green sandstone (exactly similar to that 
of the vicinity of Oxford) in France, along the 
Mayenne and the Loir, from la Fert6-Bemard 
beyond la Fl^che^ in the department of Charente, 
in Mans, Saintonge, and P^rigord. 

To this same formation, § 3S., the lignites also of 
the isle of Aix belong, on which M. Fleuriau de 
Bellevue has made such interesting researches. 
According to that learned geologist, the sub-marine 
forest on the coast of Rochelle consists of flattened 
dicotyledon wood, partly petrified, partly bitumin- 
ous or fragile and sometimes passing to a state of 
jet. These woods are penetrated by pyrites, and 
pierced by the teredo and marine worms. The 
holes resulting from this perforation are filled 
with quartz agath^ and sulphuret of iron. . The 
trees are found either in horizontal beds, sometimes 
in a parallel direction, sometimes collected in dis- 
order. The wood, when altogether or partly petri- 
fied, rq>oses on a green sand ; those which are in 
a fibrous or bituminous slate repose on beds of plastic 
clay of a deep blue. They are surrounded by 
marine algte and small branches of lignite. Among 
the masses of algs is found a resin that passes to 
amber; it is friable and of various colours. Trunks 
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green sandstone are connected towards the loweir 
part with the blue day with lignites of Cape la 
H^ve (near Havre); abov^ they precede in s 
manner tlie great deposite of lignite of ta-tiary 
formation, that is, the lignite <^ the plastic clay 
and molasse which occurs above the chalk. The 
chalk itself contains lignite in its lower strata 
(chlorite-chalk, between F6camp and Dives), and 
may in some respects be regarded as a con- 
tinuation of the Jura formation ; the phenomena 
which we have just mentioned are well worthy of 
the attention of geognosts. The planerkalk of 
Germany, often mixed with mica and grains of 
quartz, forms one of the upper layers of the green 
sandstone, representdng at the same time clilorite- 
chalk and a part of the coarse and tu£&ceous 
chalk. 

IV. CHALK. 

$ 34. We have seen that in proportion as we 
are removed from the alpine limestone the form- 
ations become more complex. The muschelkalk 
and quadersandstein have indeed a simple struc- 
ture, but the Jura limestone and green sandstone, 
where they are well developed, present a great 
number of beds and frequent alternations. This 
tendency to a varied composition, to a grouping of 
heterogeneous masses (a tendency which attains its 
maximum in the tertiary formations), diminishes in 
some degree at the chalk formation. Placed be- 
tween the green sandstone and the plastic clay, or 
the sandstone with tertiary lignite, the chalk, by a 
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great simplicity of structure, is contrasted with the 
complex formations we have just named. The 
argillaceous beds {ditf), and the calcareous and 
arenaceous beds (tourtia) which separate the Jura 
formation (oohte) from that of the chalk, ought 
not to be confounded with the latter formation, 
I although it is often not easy to fix the limits be- 
tween the marl with oohtic beds of the Jura form- 
ation, tlie strata of green sandstone, and those 
argillaceous marls or yellowish and almost com- 
pact limestones which seem to belong to the lower 
beds of chalk. 

The latter formation is composed, according to 
researches of MM. Omalius and Brongniart, 
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phil., 1814). M. Gay-Lussac and myself in a 
barometric levelling made in 1805, from Paris to 
Naples, saw appearing successively below the chalk 
Jura limestone} alpine limestone, red sandstone, 
gneiss, and granite (between Lucy-le-Bois, Avallon, 
Autun, and mountain of Aussy). The chalk 
formation which was too long neglected, extends 
much farther than is generally believed. It has 
been observed in several parts of Germany, for in- 
stance, in Holstein, Westphalia (from Unna to 
Faderbom), in Hanover, at the foot of the Hartz 
near Goslar, in Brandenburg near Prentzlow, and 
at the isle of Rugen. It can often be only recog- 
nised by the fossil bodies which exhibit fragments 
of marly and arenaceous fomiationa. It contains 
few heterogeneous beds, for instance^ beds of clay 
(Isle of Wight ; Anzin) ; flint, either in plates or 
nodules, in straight lines or in small veins (Isle of 
Thanet j Brighton), and characterising the- upper 
strata of chalk. Here also we find globular pyrites 
and sulphate of strontiaD (Meudon). 

Petrifactions. In the basin of the Seine, according 
to the observationsof MM. Defiance and Brongniart, 
there are found in the upper beds of the chalk many 
belemnites {^Belemmtes mucronaius'), and echinites 
(^Arumckites avaia, A. pusiulosot Gaierites vu^aris, 
i^aicmgus corangmnun, S. bt0)f oysters (Ostira 
vesicularif, O. serrata), terebratulites (Terebratuia 
D^aticii, T. plicatilts, T. aiata), pectens (Pecten 
cretosus, P. qvinque-costtUm), CatiUtu Cuvieri, Al- 
cyomunit ast6ries, millepoTes, &c. The chalk, dis- 
tinguished by M. Bnmgniart as craie tufau and 



I glauconeiise, contains (vicinity of Havre, Rouen, 
land Honfleur, Perte da Rhdne near BeiJegarde;) 
I Gryphea columba, G. aurkularis, G. aquila, Podop- 
Wsis truncata, P. striata, Terebratula iemiglobosOf 
1 T. gallina, Pecten hitextus, P. asper, Ostrea cari- 
Wnata, O. pectinata, CerUhium excavatum, trigODies, 
Icrassatelles, encrinites and pentacrinites (England), 
land which is very remarkable, nautilites and seve- 
Iral ammonites (^Nautilus simplex. Ammonites varl- 
\a7is, A. Beudanli, A. Coupei, A. in^lalus, A. Gentoni, 
|j4. rkoiomagensis), while the upper beds of the 
Ichalk, near Paris, do not contain (with the excep- 
Ition of Trockus Basteroli) a single univalve shell 
1 a simple and regular spire. According to the 
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TERTIARY FORMATIONS. 



The considerations which I have stated above, 
on the intimate connection between the last beds 
of the transition formations, and the first of the 
secondary formations, may in great part be applied 
to the connection observed between the secondary 
and the tertiary formations. The transition rocks 
are however, more closely connected with the coal- 
sandstone, than the chalk is to the formations by 
which it is succeeded. What is most important in 
geognosy, is to distinguish well the partial form- 
ations, and not to confound what nature has clearly 
separated, and to assign to each term of the geo- 
gnostic series its true relative position. With re- 
spect to the attempts that have been recently made 
to unite several of these formations by groups and 
sections, they have had the fate of all generalisations 
differently graduated. The opinions of geognosts 
have remained more divided with respect to the 
great than to the small divisions. The same^^n^i- 
ations have almost every where been admitted, but 
the nomenclature of the groups which should unite 
them has varied. Thus, botanists are more agreed 
on the determination of the genera than on the 
subdivision of the same genera, among neighbour- 
ing families. I preferred preserving in the tabu* 



Lr EQrangement of formations the ancient classifi- 
cations which liave been generally received. In 
pis long series of rocks, this assemblage of monu- 
pents of different epochas, we distinguish chiefly 
Jiree very striking phenomena ; the first dawn of 
Brganic life on the globe, the appearance of frag- 
mentary rocks, and the catastrophe which has bu- 
■ed the ancient monocotyledon vegetation. These 
ihenomena mark the epocha of intermediary rocks, 
Ind tiiat of the coal-sandstone, first member of the 
fecondary rocks. Notwithstanding the importance 
If the phenomena which we have just remarked, 
|ie rocks of one epocha have always some proto- 
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the red sandstone or coal-sandstone, the alpine 
limestone or zechstein, and the lias ; in the second, 
that of the middle sediment^ Jura limestone and 
the chalk ; in the third, that of upper sediment^ 
all the beds that are newer than the chalk. The 
formation of upper sediment replaces consequently 
the tertiary formation^ a denomination quite as im- 
proper for designating a ^fir/A formation succeed- 
ing to the primitive, intermediary, and secondary 
formations, as were the ancient names of terrains d 
couches (secondary rocks) and terrains d Jilons 
(primitive and transition rocks). M. de Bonnard, 
in his interesting Aperfu g^ognostique des forma- 
tionSj excludes from primordial formations, por- 
phyries, transition syenites, and all crystalline rocks 
posterior to those which contain remains of organ- 
ised bodies ; he regards (and we prefer his mc^ 
thod) the word primordial as synonymous with 
primitive. The upper secondary formations of M. 
Bonnard differ much from the formation qf upper 
sediment of M. Brongniart ; they are rather those 
which that geognost calls formation qf middle sedi- 
ment. All the formations from the chalk to the 
red sandstone, with the exception of the coal, is 
comprised in the supermedial order of M. Cony- 
beare, while the close connection observed in 
England between the deposites of coal and the 
rocks by which they are supported, have induced 
M. Buckland (^Structure qf the Alps, 1821, p. 8. 
170 ^ extend the secondary formations from 
the chalk as far as the mountain limestone and 



grauwacke (old red sandstone). He considers our 
zeclistein with saliierous deposites as tlie elder 
alpine limesto?ie ; and the lias, oolites, green sand 
and chalk, as the tiewer alpine limestone. These 
indications will, I believe, suffice for the under- 
standing of the synonymy of the great geognoatic 
I divisions. 

The frequent mixture of stony beds, loose ma- 
terials or disintegrated masses, had long occasioned 
the tertiary formations, that is, those which are 
I posterior to chalk, to be confounded with the 
I alluvial dejmsites which Guettard had called (in 
) the zu7ie of sand. The tertiary formations 
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of a much more recent epocha. (Freiesleben, Kup^ 
Jersch.^ t i. p. 174* ) The observations collected 
hy the Geological Society of London, and the Wer- 
nerian Society of Edinburgh, the useful travels of 
M. Omalius d'Halloy (1808), and of some Italian 
geognosts, had furnished a considerable mass of 
materials for the study of the tertiary formations; but 
we can only date a more precise knowledge of the 
different beds that constitute this formation and 
present the same characters in the most remote 
countries, from the time when the Geological 
Description qf the Environs qfPariSy by MM. 
Brongniart andCtwier^ appeared (1st edition, 1810; 
2d edition, 1822). All the tertiary formations 
(with the exception perhaps of the sandstone 
with lignite which belongs to the plastic clay) are 
found best developed in the basin that surrounds 
that capital. All those that are wanting in other 
parts of Europe, or found only as outliers, are 
united on the banks of the Seine. 

In characterising succinctly the terms of the 
tertiary serieSy I shall avail myself both of the great 
work of M. Brongniart, of that which . has just 
appeared by MM. Conybeare and Phillips on the 
geology of England, the geological travels of M. 
Beudant in Hungary, and the recent observations 
of MM. Bou^ and Prevost, who, in filling up the 
void between the tertiary and oolitic formations, 
have performed a great service to positive geognosy. 
It is by the comparison of formations very distant 
from each other, that we can avoid to a certain 
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formation has also given rise 
of subterranean conchyliolog'^ 
for this science, which pre\'ails 
win become equaDy useful to tl: 
and intermediary formations, il 
the zoological characters with 
and relative age of rocks be nc 
I have already stated the mc 
me to avcHd the denomination! 
ilurd marine JbrnuUionj or Jiresh 
have most firequently substituted 
to those numerical denominatioi 
to give rise to erroneous ideas, 
formations are those of which th 
have been the most modified by 
A periodical alternation of calc 
substances (clay itself contains i 
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paraileSsm^ of the tertiary rocks, which are bo re- 
cent and of so complex a structure, may some- 
times di^r from the type ve assign to them In 
our tabular arrangement of formations. 



tebtiabt clay amd sandstone with llgnneb 
(plastic clat, molasse, and NAOELFLUHE, 
OF AROOTIA). 

S S5, At the b^;inDing of the tertiary formation, 
as well as below chalk, orbetween that rock and the 
Jura limestone, we find depoaites of lignite ; llius, yre 
have seen the great deposlte of coal (coal measureaX 
[rfaced on the limit of the intermediary and secondary 
formations. The two secondary and tertiary fonn- 
ations conmience by masses of buried plants. As 
we advance from the coal-sandstone towards the 
more recent formations, the monocotyledon plants 
are by degrees replaced by cUcolyledon plants j 
the ftmner are even found ^ve the chalk, as Ar 
as in the gypBum with bones (endogenites o€ 
M. Adolphe Brongniart, but not ferns) ; in genend, 
however, dicotyledons (ezogenites) prediHninate In 
the deposites of lignite. I am less surprised at 
this mixture than at the uniformity of the mono- 
co^Iedon vegetation of the ancient world, of 
which we see the remains in the intermediary 
formations, and in the coal-sandstone. Amidst the 
f(»ests of Oroonoko, which are extremely rich in 
monocotyledons, their proportion to that of diot^ 
tyleduu is, with respect to the mass, that is, to the 
c c a 



humber of plants, us one to forty. The propbr- 
Itiou therefore which the coal formations present is 
[not tropical ; has it been modified by the unequal 
[resistance which the monocotyledons and dico- 

Ityledons oppose to destruction ? 

We shall unite in this formation qf sandstone 
with ligmte above tlie ckall; the parallel formations 
ni plastic clay, marl, and sand with lignites, mo- 

llasse, and nagelfluhe. 

There is only a fragment of this formation io the 

|vicinities of London and Paris ; it is found much 
nore developed in the south of France, Switzer- 

pand, and Hungary. The chalk is covered iu 



The fossils, according to MM. de Ferussac and 
Brongniart, are : Planorbis roitmdalus, Patttdma 
virgtUa, P. unicolOTt Melanopsis buccmoidea^ Nerita 
globuhsOj Melama tritkea, — Cerithtm Jienahm, 
AmpuUaria depressa, Osirea beUovaca, ^. In 
England, the plastic clay, which must not be con- 
founded with the London clay (representing the 
calcaire grossier of Paris), nor with the Oxford, or 
Cbaich clay (of the Jura formation), abounds more 
in sand than clay; it contains lignite (Isle oi 
Wight, Newhaven), fuid* what is remarkable on 
account of the analc^ of this formation with the 
molasse of Argovia and Hungary, a friable sand- 
stone (Stutland in Dorsetshire). In this form- 
ation, according to MM. Webster and Buckland, 
impressions of leaves, fruits of the palm>tree, cy- 
clades (Cyclas ctmei/brmisy C. deperdita"), turritells, 
cerithia (Ceritium melartoides, C. intermedium^ 
and oysters have been found (Ostrea pulchra, 
O. tenuis). 

The Jbrmalian containing amber, of Pomeruiia, 
and Prussia, probably placed on the chalk, is com- 
posed of clay, lignite, and nodules of amber. The 
organised bodies it contains have been recently 
examined by M. Schweigger. From its position, 
as M. Brongniart has judiciously observed, it be- 
longs to the formation $ S5. 

Sandstone with lignite (molasse and macigno) 

are spread over the plains of Hungary, as well as 

in the great basin of Switzerland, between the 

Alps aiid the Jura, or rather between the lake 
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loi'Annecy, and that of Constance. 'I'he tbrmation 
■ of Hungary, which M. Beiidaiit has made known, 
lis geognostically the most important, because it is 
Isuperpofied on Jura limestone (Sari Sap, in the 
I vicinity of Gran, and banks of the lake Bala- 
Iton). It is immediately covered (near Buda) 
I with shelly limestone analogous to the timesttme 
I of Paris. It is composed of pudding-stones 
j(nagelHuhe) and calcareous breccias alternating 
1 with a micaceous sandstone that is friable, slaty, 
I with small angular grains of quartz, sand, and 
I beds of clay. It contains considerable depositea 
I of lignite (Csolnok, south of Gran, Wandorf 
GEdenbourg), springs of bitumen, gra- 
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poq)hyry and of compact limestone (Kigi» Fribourg, 
Entlibuch), is not always covered by molasse ; and 
M. de Buch has long since remarked, that between 
Habkem and little Emmethal, molasse alternates 
several times with nagelfluhe. The whole of this 
fbrmationi the surface of which is generally un- 
covered, is placed immediately towards the north 
(Arau, Porentruy, Boudry) on Jura limestone, and 
towards the south on alpine limestone (vicinity of 
Geneva and Teufenbachtobel south-east of Kigi). 
Some celebrated geognosts have long regarded na- 
gelfluhe, from the inclination of the beds, as ante- 
rior to the alpine limestone. M. Keferstein also 
considers the molasse (mergelsandstein) to be be- 
low the chalk, and even Jura limestone. A fetid 
and bituminous limestone, a fibrous and clay gyp- 
sum, alternating with marl which contains ammo- 
nitesy a compact yellowish-brown limestone, and 
lignite, form the subordinate beds of the molasse in 
Switzerland. The deposite of lignite which is 
worked near S. Saphorin, between Vevay and Lau- 
sanne, is covered by nagelfluhe ; that of Paudex is 
interposed in the molasse. The whole of this form- 
ation contains in Switzerland marine shells (ammo- 
nites, cythereae, donax) and also fresh-water shells 
(lymnese, planorbes), palmacites with flabelliform 
leaves (Montrepos), and bones of quadrupeds 
(Aarberg, Estavayer, Kaepfhach on the banks of 
the lake of Zuric), which, according to the re- 
searches of M. Meisner, belong to the Anaphthe- 
riunh the Mastodon angustidenSf and the Beaver. In 
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Ithe molasse of Cremiii and Coinbremont, a shelly 
Imarine breccia reposes on iv brown limestone tUled 
Iwith planorbes. M. Brongniart, from the yearl817, 
linsisted on the analogy of the plastic clay of Paris, 
Iwith a part of the formation of nagelfiuhe, and the 
linolasse of Switzerland so long confounded with the 
Ivariegated sandstone of Germany. He also thinks 
Itbat the molassewhich containshonesof inastodontes 
land of anlhracoierium (Cadibona neai- Savone), is 
Istill more recent than the plastic clay ; that it is 
leither connected with tlie calcaire grossier, which 
lis often arenaceous, oris the parallel of the gypsum 
lof Montmartre. The bones of vertebrated animals, 
Trarely found in the plastic clay of Paris and 
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plastic clay, calcaire grossier, and gypsum of the 
vicinity of Paris. 

The formation with which we are now occupied 
is, according to the recent observations of M. Bou^ 
extremely developed in the south-west of France, 
from Liboume to Agen, above all, at the north of 
the Dordogne and the Gironde, where it reposes on 
chalk. It is there composed (beginning by the 
upper beds) of calcareous sandstone, filled with the 
remains of shells, and the bones of vertebrated ani- 
mals, small beds of globular iron, grey and green- 
ish marl, and yellowish limestones with ceritliia. 
Deposites of lignite have there been recognised by 
M. Brongniart (Descr. geoL^ art ii. § 1.), but they 
are not numerous; and the position of this are- 
naceous formation between the chalk and the cal- 
caire grossier of Bourdeaux characterises it suffi- 
ciently as the molasse. The sandstone with lignite 
may locally be destitute of lignite, as the red or 
coal-^ndstone is often destitute of coal. As almost 
all the secondary formations have their sandstone 
and their conglomerates, we must not consider. all 
the nagelfluhes of Europe (polygenic pudding- 
stones of the classification of M. Brongniart) as 
belonging to the same formation, § S5. There are 
some which appear to be only local formations, 
and of small extent; others (Salzbourg and S.Gail?), 
according to the judicious observation of M, Bou^, 
are perhaps more ancient than the chalk and Jura 
limestone. The analogy also of some beds placed 
between the quadersandstein and the chalk with 
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lliose placed between the chalk and gypsiiiu with 
Bones, is a phenomenon well worthy of the atten- 
lion of ' geognosts. 

Immense deposites of sand, clay, and lignite 

ritii mellite (Artern), and with amber (bernstein 
If Muskau, and bernerde of" Zittau), cover a part of 
liermany. Beds of very quartzose sandstone are 

here found (Carlsbad, Habichtswald, Meissner, 

Vilhelmshohe near Cassel, Wolfseck), chiefly 
there beds of basalt are superposed on clay 
with lignite. On account of this proximity, the 

uproper denomination given anciently to this 
bndstone (which may be mineralogically confound- 

I with the quartzose part of the variegated sand- 
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of the Mineralogical Geography qfihe Enmrons qf 
Paris. The calcaire grossier^ separated by a bed 
of plastic clay, consists^ in the basin of the Seine, 
according to M. Brongniart, of thin beds alternating 
very regularly, of limestone more or less hard, and 
argillaceous or calcareous marL The fossil shells are 
generally the same in corresponding beds throu^ 
a very coninderable extent of country, and exhibit 
a remarkable difference in the species in different 
systems of beds. This phenomenon of imi. 
formity in the distribution of animals chiefly char 
racterises the tertiary formation ; we begin to ob- 
serve it in the different beds that compose the 
Jura formation in Switzerland and England The 
lower beds of the calcaire grossier of Paris are 
chloritous (glauconeuses), arenaceous^ and contain 
madrepores and nummulites. In the middle beds 
many impressions are found of leaves and stalks of 
plants (Endogemtes ecfUnatuSfFlabelUtesparisiemis, 
PinusDe/ranciifUccoTdingto the workof M. Adolphe 
Brongniart on fossil vegetables), milliolites^ ovulites, 
cytherese, but scarcely any cerithia. The upper beds 
contain lucinas, ampuUaria, striated corbulae^ and a 
great variety (nearly sixty species) of cerithia ; bat, 
in general, the kUter strata abounds less in foaedl 
bodies than the middle and lower strata, in which 
MM. Defrance and Brongniart have collected 
near 600 species of shdls* The £unous sheUy bed 
0f Grignon and the fossik of the Fabm d6 TaW" 
rame belong principally to the middle strata. In 
these, and in the system of the upper bedi^ the 
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of marine and ih'sh-watci" slid, 
(Una'). The fossils of tlie Paiisi 
which bcleninites, ortlioceratit( 
monites are never ibutul, difier 
of the chalk. 

Some of the shelly deposites 
different parts of Europe, the f ofj 
are identical in composition an 
Vienna, described by M. Prevos: 
Teteny in Hungary, described 
but they are sometimes analogous 
gnostic position, and by the fossil 
tain (England). The calcaire gi 
containing cerithia, turritellfls, an 
and crassatellas, scarcely recognis 
the mould remains, present the m 
rical characters by which the Pa 
recognised. They are connected 
(Czerhat, Raab) which are pa 
green grains, and which have a g 
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the recent observations of M. Bou^, of two very 
distinct strata. Tlie lower is a little shelly, with 
broken fossil bodies, and contains compact 
yellowish-white limestone sometimes marking 
like chalk, marl, and beds of quartzose pebbles. 
The upper strata is a sandy limestone, extremely 
shelly, and sometimes nearly resembling brownish 
molasse. 

In England, according to the researches of 
MM. Buckland, Webster, and Sowerby, the Lon- 
don clay is not only by its superposition to plastic 
clay a, parallel Jbrmation to the limestone of Paris, 
but also contains almost all the species of shells 
which seem to belong more particularly to the 
lower beds of that limestone. The formation in 
the basin of the Thames, which the English geo- 
gnosts designate commonly by the name of London 
clay^ is only a deposite of clay and brownish marl^ 
containing sulphuret of iron and some cr3rstals of 
selenite ; but this bed, in other parts of England, 
approaches much nearer to the calcaire grossier, in 
its mineralogical composition. It presents, accord- 
ing to MM. Conybeare and Phillips, on the coast 
of Sussex, at Bognor, and near Harwich (Essex), 
beds of compact and sandy limestone, in which 
are found, besides the fbssU bodies peculiar to the 
analogous formation in the basin of Paris, impres- 
sions of fish, bones of turtles and crocodiles (Isling- 
ton), a species of ammonites (ammonites acnituSf 
at Minstercliff ) and lignite. The Ceritheum gigan^ 
teum^ common in the clay of Liondon, belongs in 
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prance only to tiie lower bed ofcalcaire grossier, 
pliicii is also destitute of every other species of" 
trithia. Tiie London clay, in which amber has 
leen found (Holdeniess in Yorkshire), appears to 
■ave a nearer relation with the plastic clay (tertiary 
landstone with lignite) than the calcaire grossier 
If Paris. 

M. Brongniart connects witli this formation the 
greater part of the calcareo-trap formations of 
Ihe Vicentine (Val Ronca, Montecchio mag- 
liore, Monte Bolca), the hill of the Suj>ergue of 
\irin, the cape S. Hospice near Nice, the Great 
Land of Guadeloupe, &c. The celebrated impres- 
r Monte Bolca, on which M. Blainville 
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caire grossien Those hills are composed, 1% of a 
compact and arenaceous limestone^ whitish-grey, of 
which the beds, sometimes horizontal, sometimes 
irregularly inclined, are five or six inches thick 
(some beds are nearly destitute of petrifactions, 
others are filled with madrepores, cardites ostra- 
cites, and turbinites, mixed with large grains of 
quartz) ; S% a calcareous sandstone^ in which grains 
of sand are more frequent than shells (several 
layers of this sandstone, containing, not spangles 
of mica, but nodules of brown iron, and being so 
siliceous that they scarcely effervesce with acids, 
fossil bodies being wanting in them altogether); 
S% beds qf hardened clajf with selenite. The 
calcareous stratum, of which I deposited con- 
siderable specimens in the cabinet of natural 
history at Madrid, exhibit (between Funta 
Gorda and the ruins of the castle of Santiago 
d' Araya) an innumerable quantity of solens, am- 
pullaria, oysters, and corals, partly disposed by, 
families. This tertiary formation, composed of 
shelly limestone, with grains of quartz, clay, marl, 
and calcareous sandstone, is found geographically 
connected with the tertiary formations of the islands 
opposite to the coast of Cumana, for instance. Guar 
delope and Martinico. It sometimes reposes im- 
mediately on the alpine limestone (Punta Delgada)^ 
sometimes on the saliferous day of Araya, of which 
I have spoken above (§ S8. p. 321). 



cation which I ha\ c foUowi 
nnu'ht ha\o soparatod the 
(caU'airo sihcoux, Chanipigny 
alternating with marls both r 
water ; but, not having been 
of my travels, to make the 
the chalk a particular object < 
not wish to change any thing 
tion shown in the work of M 
Cuvier. 

The siGceous limestone of the b 
is sometimes tender and white, 
very fine-grained and cavernous, 
trated through all its mass bysile: 
ten It is closely connected, tows 
with gypsum, by the argillaceous 
which alternates both with silid 
gypsum with bones (ridge of the 
Crecy, Coulommiers); and, tO¥n 
with the calcaire grossier, the last 
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at the height of 1800 toises, a very ancient cal- 
careous formation (alpine limestone) affords the 
same curious phenomenon of a siliceous infiltra- 
tion. Analogous modifications in the .composition 
of rocks, and the chemical mixture of substances, 
have taken place at very different epochas. The 
calcareous marl which alternates with the siliceous 
limestone of Paris, contains magnesite, first made 
known by MM. Brongniart and Berthier, and 
which is a silicate of hydrate of magnesia almost 
pure. The siliceous infiltrations of this formation 
pass sometimes to a calcedony divided into lamina? 
and to homstone coloured red, violet, and brown. 

In the basin of Paris the gypsum formation is 
composed of alternating beds of slaty marl and 
saccharoi'd gypsum compact and foliated. It 
contains in its middle part, and where its mass 
is greatest, land productions ; but towards its up- 
per and lower limits, both in the gypsum and marl, 
it contains marine productions. The lowest strata 
of the gypsum formation is characterised by the 
sUex menilite and large crystals of lenticular and 
yellowish selenite. The beds of marl become fewer 
towards the middle, where sulphate of stron- 
tian and skeletons of fish are more particularly 
found. The upper division is characterised by a 
multitude of bones of land mammiferas, now un- 
known on the globe (Pakeotherium crassum, P. 
medium^ P.magnumy P.lattim, P.curtunit Anaphthe- 
rivm ccfmmuney A. secundarium, A. marinum, theCha- 
eropotame and the Adapts of M. Cuvier) j by bones 
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If'birds, crocodiles, tryonix, and f'resli-water fish: it is 
lovered by beds of calcareous and argillaceous mar), 
lome containing wood of the patm-tree, planorbes, 
■mneJE and cythereaj (Cylherea elegans) ; others 
lerithia (Cerithimn pUcahtm, C. cinctim), venuses, 
Ind large thick oysters (Ostrea hippopus, O. pseit- 
tfochama, O. longiroslris, O. cyatula). Towards 
! upper limit of tlie gypsum formation, a bed of 
rreen marl separates the fresh-water from the pela- 
gic shells. Towards the lower part, the gypaura 
i" furnishes marine fossils (No. 26. of the third 
|nass of Montmartre). Sometimes this formation is 
tirely developed ; gypsum is wanting, and its 
green marl accora- 
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to M. Brotigniart to be worn as if they had been 
rolled), a quantity of scales of mica occur in some 
places, also nodules of brown iron disposed in beds, 
a little gypsum, and argillaceous marl and infiltra- 
tions of carbonate of lime (Forest of Fontainebleau). 
The upper division, which contains marine shells 
(Oliva mitreola^ Cerithium cristatum, C. lamellosum, 
Corbula rugosa^ OstreaJlabeUuld)^ sometimes passes 
to an arenaceous limestone (Romainville, Mont* 
martre). The immense tertiary formation of Italy, 
that of the subapennine hiUs, with bones of cetacese 
and Ostrea hippopus, which extends from Asti in 
Piedmont as far as Monteleone Ux Calabria, and 
which M. Brocchi has described so* well, belong, 
for the most part, according to the discussions of 
MM. Prevost and Brongniart, to the sandstone and 
sand which repose on the gypsum of Montmartre. 



FRESH-WATER FORMATION, WITH CAVERNOUS MILL- 
STONE (MEULIERE), ABOVE THE SANDSTONE OF 
FONTAINEBLEAU (CALCAIRE A LYMNBEs). 

S . 39. This is the great upper fresh- water form- 
ation, composed in some parts of argillo^ferruginous 
sand, marl, and siliceous meuliere filled with ca^ 
vities (with shells, plateau of Montmorency ; with- 
out shells. La Fert6-sous-Jouarre) ; in other places, 
of silex, marl, and compact limestone (Chateau- 
Landon). These limestones contain potamides, lym- 
neae, planorbes, bulimi, helices, and many impressions 
of plants (Culmites anomalus^ Lycopodites sqiuim- 
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maim,' Ckara medicaginula, Nymphtpa Aretkusee of 
M. A. Brongiiiart). We refer our readers, for the 
history of tliis great fresh-water fbrmation, which 
has already been found in almost every part of 
Europe, to the 2d edition of the Description Geolo- 
gique dcs Environs de Paris (art. 8.). 

One part of the glohe, where the greater part 
of the tertiary formations have acquired a con- 
siderable developement, and where, for this rea- 
son, these formations have remained sufficiently 
distinct, lias served as a tj'pe in the tabular ar- 
rangement of the tertiary formations j but we must 

. forget that in other countries tliis develope- 
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VOLCANIC FORMATIONS. 



For the reasons which I have mentioned above, 
I have mad^ secondary and volcanic formations 
succeed, as by a kind of bisection, to the interme- 
diary formation (Uebergangsgebirge). This ar- 
rangement has the advantage of bringing the trans- 
ition porphyries and syenites, with their porous, 
pyroxenic, and interposed beds (§§23. and 24., 
Holmstrand in Norway, Andes of Popayan, Cordil- 
leras of Mexico), nearer on one hand to the por- 
phyries, amygdaloids, and doierites of the red 
sandstone (§ 26., Noyant and Figeac in France, 
Scotland), and on the other, to the trachytes, 
phonolites, and basalts of the formation exclusively 
called pyrogenic. In a table of position, much is 
already gained, when we do not separate what is 
connected in nature by real geognostic affinities. 
j We may consider the group of rocks that are 
generally united in a volcanic formation in a double 
point of view, according to a certain conformity 
observed in their position and superposition, or ac- 
. cording to the relation of their composition and 
common origin. In the first case, without opposing 
the mode of formation of trachytes and basalts to 
that of primitive and intermediary formations, we 
^observe the place, which, as terms of the geognostic 
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I series, ought to be occupied by the great systems 
I of rocks composed of feldspar, pyroxene, hom- 
1 b!ende, olivine and titaneous iron, found at the 
I north and south of the equator uncovered, in cir- 
I cumstances altogether analogous, and as if super- 
1 added to more ancient formations. This manner of 
I investigating and classing volcanic rocks is the 
I most conformable to the progress of positive geo- 
I gnosy. Trachytic and basaltic rocks are united, 
1 not according to their mineralogical composition, 
I and the apparent conformity of their origin, but ac- 
cording to their grouping and position ; they are 
lUstributed among other rocks from their relative 
has been done in the primitive and 
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form on tiie origin qf things, appear to me not only 
vague and arbitrary, but also very injurious to the 
progress of geognosy qf position ; they prejudge 
in an arbitrary, and too absolute a manner, 
what is at least extremely doubtful. In divid- 
ing the formations, according to a superannuated 
custom, into primitive, intermediary, secondary, 
tertiary, and volcanic, they admit, in some degree, 
of a double principle of division j that of the rela^ 
tive age or succession of formations, and that of 
their origin. If we distinguish between masses qf 
lava and rocks, or between volcamc rocks, rocks of 
neptunian formation, and substances formed by a 
pretended aquoso-igneous liquefaction, we tacitly 
;ittribute to granites, porphyries, and intermediary 
syenites, to the dolerites, and amygdaloids of the 
red sandstone, a mode of formation diametrically 
opposite to that of igneous fusion. According to 
this manner of proceeding, which rather belongs 
to geogony than to positive geognosy, all that is 
not comprehended in the volcamc rocks, in the 
rocks of trachyte and basalt which cover the other 
formations, is considered as formed in the humid 
way, or as precipitated from an aqueous solution* It 
is almost useless, in the actual state of ph3rsical 
science, to remind the reader how little the hypo- 
thesis of an aqueous solution is applicable to granite 
and gneiss, to porphyry and syenite, to euphotides 
and jasper. I' will not here venture to decide on 
the circumstances which may have accompanied 
the first formation of the oxidated crust of our 

D D 4 



»viiuiu ana other t'rr^h-uator 
the \voi\h f'lwi and va/ra/ur i 
tiiL' word \')lcan(), v.liicli ^nn 
mountain terminated bv an iis 
times the subterraneous caus 
phenomenon. The trachytes 
back of the Cordilleras belong 
genie rocks, and yet the modi 
is not that of currents of la 
hollowing of the valleys. Th 
fire by an insulated cone, by the 
volcano, differs necessarily fronc 
fire across the ancient fissured c 
In considering volcanic phen 
general manner, and in collect 
observed in different parts of 
these phenomena diflfering from 
our days, in the most striking 
canoes of the Mediterranean, wh 
carefully studied, cannot serve 
geognost, and afford him the sc 



409 

liffe) ; some have lateral eruptions (which I found 
at Antisana in the Andes of Quito, 2140 toises 
high), without their summit having ever been 
pierced; others, hollow within, as several phe- 
nomena indicate (trachytic dome of Chimborazo, 
3350 toises), have no permanent opening at the 
summit or on their flank (Yana-Urcu, a small cone 
of eruption situated in the table-land of Calpi), 
and it may be said, act only dynamically in 
disturbing the surrounding earth, fracturing the 
beds, and changing the surface. Rucu-Pichincha 
(2490 toises), which was the particular object of 
my researches, has never ejected a current of lava 
since the hollowing of the actual valleys, nor 
has Capac-Urcu (near Riobamba nuevo), which 
before the overthrow of its summit was loftier than 
Chimborazo. The great Mexican volcano of Po- 
pocatepetl (2771 toises), has, on the contrary, had 
overflowings of lava in the form of narrow bands, 
like the small volcanoes of Auvergne and the south 
of Italy. The islands that issue (almost periodi- 
cally in some latitudes) from the bottom of the sea, 
are not, as it has oflen been erroneously said, heaps 
of scoria similar to Monte novo de Fouzzole, but 
heaved up rocky masses, and in which the crater 
opens only after their elevation. (Relat. histor. de 
mon Voyage aux regions Squin., t i. p. 171- ; and 
Essai politique i t. i. p. 254.) In the interior of 
Mexico, on a trach3rtic table-land more than thirty- 
six leagues distant from the sea, and far from every 
burning volcano, mountains I6OO feet high issued 
from a fissure (29th September, 1759)f and threw 
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muddy substance (moya de Pelileo de Riobamba 
viejo, February 4, 1797)> which seems to have been 
a f rachyte-pumice, and which, being combustible 
and staining the fingers black, is mixed with the car- 
buret of hydrogen. (Humboldt, Essai politique sur 
la Noiffv. Espagne, t. i. p. 47. 254. ; Id., JRelat. histo- 
rique, t. L p. 129. 148. 154. 315., t ii. p. 16.20. 23.; 
Klaproth, Chem. Unterr. der Min., t. iv. p. 289.) 

The rocks which we are accustomed to arrange 
together under the name of substances of volcanic 
formation exclusively, have been hitherto more 
considered as to the oryctognostic and chemical 
relations of their composition, or those of their 
origin, than according to the geognostic connection 
of their position and their relative age. At every 
epocha, since the first oxidation of the crust of the 
globe, the fire of volcanoes has acted across the 
rocks of the intermediary, secondary, and tertiary 
formations. With the exception of some fresh- 
water rocks, volcanic rocks alone continue to be 
formed in modem times. If the lavas of the same 
volcanoes (the intermitting springs of liquefied 
matter) vary at difierent epochas in their eruptions, 
it may well be conceived that volcanic matter, 
which during thousands of years has been pro- 
gressively raised towards the surface of our planet 
in such different circumstances of mixture, pressure, 
and cooling, must display both contrasts and ana- 
logies. There are trachytes, phonoUtes, basalts, ob- 
sidian and pearlstone of different ages, as there are 
difierent formations of granite, gneiss, mica-slat^ 
limestones, grauwacke, syenites, and porphyries. 
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forming a jelly with acids, the absence of quartz^' 
common feldspar, and metaUic veins (auriferous 
and argentiferous), the presence of pyroxene, tita^. 
neous iron, glassy feldspar, and alcalies, cannot be 
considered, in the actual state of our knowledge, 
as the general characters of volcanic rocks. (See 
above, §§21. 23. 26.) 

The volcanic masses, or what are considered as 
such (empyrodosian rocks of M. M ohs, Charakter 
der Classen, 1821, p, 17?.), are found either in 
veins (dykes, in every formation from primitive 
granite as far as the chalk and tertiary formations ; 
Scotland, Germany, Italy), or in interposed beds 
(transition limestone and porphyry j red sandstone), 
or superposed and superadded to formations of very 
different ages. The contrast between intercalated, 
volcanic, or empyrodoxic rocks, and the rocks in 
which . they are contained, is so much the more 
striking as the latter are indubitably, not volcanic ; 
for instance, calcareous rocks (Derbyshire) or con* 
glomerates (grauwacke, coal-sandstone). When 
empyrodoxic masses are found, either as subordinate 
beds, between strata of intermediary crystalline 
rocks (porphyries and syenites), or as veins travers- 
ing the strata of primitive rocks (gneiss-granite), 
those primitive . and intermediary feldspathic rocks 
may, according to some geognosts, have the same 
igneous origin as the mass of interposed beds or 
veins (mandelstein, dolerite, basalt), although the 
epochas of formation and the circumstances. under 
which the volcanic forces have. acted may: not have 
been identical. The distinction between veins and 
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rock, e, by which it is covered. If 8 be superposed 
to e, it is quite natural that it should be found 
placed also on the more ancient rocks a, /3, y, which 
are the preceding terms of the series. The appli- 
cation of this very simple principle of the geognosy 
of position requires great circumspection when 
trachytic, basaltic/ and phonolitic rocks are in 
question. The same current of lava, or the same 
pyroxenic mass spread over granite, mica-slate, and 
a fresh- water formation, exhibits no doubt incon- 
testable proofs that its origin is posterior to the 
most modem tertiary formations ; but the age of 
a volcanic formation is more difficult to determine 
when there is not a continuity of mass, and when 
by one general denomination substances that have 
flowed in a lateral direction, are confounded with 
others that have come from below, by up-heaving, 
across pre-existent rocks. Where trachytes and 
basalts are found united, the latest formation on 
which the basalts repose does not necessarily de- 
termine the age of the trachytes ; both these rocks 
have no doubt been produced in a different manner, 
and not simultaneously. It is even possible that 
in a district of small extent, different trachytic 
masses, which are insulated, but of similar compo- 
sition, may not be of the same formation, some 
coming out of transition syenite, others from primi- 
tive rocks. The accumulation of trachytic con- 
glomerate most frequently conceals the position 
of the trachytes so much, that their superposition 
cannot be ascertained. Thus, the trachytes of 
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stone with lignite, calcaire grossier, andotherteitiary 
rocks, are superposed in their turn on tliese conglome- 
rates. Similar superpositions of sandstone, gypsum, 
and limestone of a very recent origin, were observed 
by M. de Buch and myself at the Canaries and 
in the Cordilleras of the Andes. The trachytes of 
the Euganean mountains repose, according to an 
excellent observer, M. Breislak, on Jura limestone 
(Schivanoja, near Casteln novo); but in the country 
which abounds most in trachytic rocks, die western 
part of the new continent, both north and south 
of the equator, I have never seen trachytes pierce 
through formations so modern. 

The most important results of position which 
my travels in the volcanic zone of the Andes 
(1801 — 1804) furnished, may be reduced to the 
following facts. All the loftiest summits of the 
Cordilleras are trachytes. The existing volcanoes all 
act by openings formed in the trachytic rocks. 
This formation comprehends by zones a great part 
of the Cordilleras, but rarely extends towards the 
plains ; and the volcanoes which are still burning, 
fai* from being solitary or associated by groups of 
an irregular form, more or less circular, as in Europe 
(Ramond, Niv.^ p. 45. ; Humb., Rel. Hist.^ t ii. 
p. 16.), follow each other, like the extinguished 
volcanoes of Auvergne and the burning craters of 
the Isle of Java, by files, sometimes in one series, 
sometimes on two parallel lines. These lines are 
generally placed (mountains of Guatimala, Fopayan, 
Los Pastos, Quito, Peru, and Chili) in the direction 
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(Extentam tumefecit humuniy ceu spiritus oris 
Tendere vencam solet, aut direpta bicornis 
Terga capri ; tumor ille loci permansit et alti 
CoUis habet speciem, longoque induruit cro ; 

OviDy Metam. lib. ix., on the heaved up cone 
of Trecene in Argolide,) 

in raising up and breaking the ancient crust of 
the globe, did not issue perpendicularly in the 
form of bells (Chimborazo), or in that of forti- 
fied castles in ruins (summit of the Cordilleras 
of Peru, between Loxa and Caxamarca). The 
trachytes of the Andes and of Mexico, which 
contain pearlstone and obsidian, are generally 
covered only by other volcanic rocks (phonolites, 
basalts, mandelstein, conglomerates, pumice-tufas) : 
sometimes small local formations of limestone and 
g3rpsum, that may be called tertiary because they 
are certainly posterior to the chalk, surmount the 
trachytes ; but these trachytes of the Cordilleras 
towards the lower part, especially if they are not 
covered^ are geognostically connected in the closest 
manner with the cellular transition porphyries, 
destitute- of quartz, and containing pyroxene and 
glassy feldspar, sometimes rich in ^gentiferous 
veins, and in other places supporting secondary 
formations, even black and carburetted transition 
limestone (see p. 141. 184. S19. 931.). This connec- 
tion may be a reason at some future time for sup- 
pressing in \>ur systems the volcanic formation^ 
inasmuch as it is considered as opposed in the mode 
of its formation and origin to all other rocks. There 
are vdcanic rocks in the transition series and in the 
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those rocks of trachyte, basalt and phonolite, can 
no longer be ranged as terms of the same geognos- 
tic series. What issues from the most ancient gra^ 
nite maybe posterior to an analogous rock which has 
also pierced through transition rocks. Oryctognosy, 
or descriptive mineralogy, which analyses the tex- 
ture of volcanic substances, will succeed in class- 
ing them according to the principles which M. 
Cordier has so well established in his memoir on 
the composition qfpyrogenic rocks qf every age; 
but geognosy, which considers only the relative 
age and positions, will be forced to reckon a great 
number of rocks as incertce edis, even when a 
more considerable part of the earth shall have been 
carefully examined. This uncertainty is not owing 
to the imperfection of the methods of classing, 
but to the impossibility of comparing, as to their 
succession or the epocha of their origin, the in« 
sulated rocky masses that are not covered. The 
historian of nature, like the historian of the revo- 
lutions of the human race, collects, compares, and 
discusses every fact, but cannot arrange in a series 
those which present no chronological character. 

In this state of things, far from mixing orycto- 
gnostic considerations with the classifications of 
positive geognosy, it appears to me proper to range 
the volcanic rocks according to the type of posi- 
tion most generally observed in both hemispheres, 
where the greatest number of those rocks are 
grouped. The great mass of substances in which 
feldspar predominates (trachytes, leucostines) will 
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phonoUte of trachyte. To this series may be added 
the trachytic and pumice conglomerates^ with alutn- 
stone, sulphur, opal and opalised wood ; for every 
volcanic formation, like every intermediary and 
secondary rock, has its conglomerates, that is, its 
fragmentary rocks, of which it has supplied the 
first elements. Trachytes (granites heated in 
situ, of the ancient mineralogists, trap-porph3aies, 
many of the petrosiliceous lavas of Dolomieu, 
domites of MM. de Buch and Ramond, necro- 
lites of M. Brocchi, granular leucostine of M. 
Cordier) generally present but few traces of stra^ 
tification in the ancient continent; but in the 
Cordilleras of the Andes they are often very regu- 
larly stratified (Chimborazo, N. 60* E. ; Assuay, 
N. IS"" E.), though varying by groups in the direc* 
tion and inclination, like the phonolites of the ba^ 
saltic formation (Mittelgebirge in Bohemia). The 
columnar structure (prisms of 4 to 7 sides) is very 
common in the porph3aitic trachytes of the Cor- 
dilleras, not only in the black rocks with a basis of 
retinite (pechstein) with glassy feldspar and pyrox* 
ene (Passuchoa, near the town of Quito, at the 
south of the hills of Poingasi ; Faldas de Pichin- 
cha; Paramos de Chulucanas, Aroma, and Cuntur- 
caga, in the Andes of Peru, between Loxa and 
Caxamarca), but also in the greenish-grey tra- 
chytes of Chimborazo (slender prisms fifty feet 
long; height of the table-land, 2180 toises), as well 
as in the granitoid trachytes of Pisoj6, at the foot 
of the volcano of Purace. The latter are greenish- 
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pyroxene in the lower and middle region of Chim- 
borazo, the trachytes of which sometimes contain 
pyrites, quartz, and two varieties of feldspar, the 
glassy and the common. The ancient volcano of 
YanarUrcu, close to Chimborazo (^on the side of 
the village of Calpi), is destitute of pyroxene, and 
contains large crystals of hornblende. In the tra- 
chytes of Nevado de Toluca (Mexico) and of 
Antisana, as in the trachytes of the Puy-de-Dome, 
spongy and scorified parts with glazed ceUs are 
often observed imbedded in compact and earthy 
masses. The phonolites of trachytes are better 
characterised in the volcano of Pichincha (Peak 
of the Ladrillos and GuaguarPichincha), and also 
at the eastern declivity of Chimborazo, near Yanar 
coche (height 2300 toises). At Antisana (Ma- 
chay of San Simon) and at the north of the Villa 
de Ibarra (Azufral de Cuesaca, table-land of 
Quito), trachytes with a base of compact feldspar, 
mixed with hornblende, contain native sulphur, 
like the trachyte of the Puy-de-Dome, and the 
banks of the Dordogne. (^Ramond, . Niv. geogn.^ 
p. 75. 86.) We must not confound this formation 
of native sulphur with those of solfataras or extin- 
guished craters, cellular mandelstein (between 
Pate and Tecosautla at Mexico), and clay of the 
basaltic formation (province de los Pastos). The 
thickness of these beds of trachytes is such, that, 
on the table-land of Quito, it attains indubitably, 
and in continued masses^ the thickness of 14,000 to 
18,000 feet (Chimborazo, Pichincha). Real cur- 
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Mica is far more rare in the trachytes of Mexico 
and the Andes, than in those of Siebeligebirge, 
Gleichen in Stjrria, near Radkersburg, and Hun- 
gary) ; I found, however, fine black hexagonal 
tables at the base of the volcano of Pichincha (near 
Javirac or Panecillo of Quito, J 600 toises), as well 
as in the semi-vitreous bluish-grey trachytes of 
Cotopaxi, and in the red and porous trachytes of 
Nevado de Toluca (summit of Fraile, 2372 toises). 

Titaneous iron is not wanting in the trachytes 
of Quito and Mexico ; but the tabular crystals of 
specular iron, common in the trachytes, and also 
in the lavas of Italy and France, are somewhat 
rare in the volcanic fissured rocks of equinoxial 
America. 

In considering the trachytes of the Cordilleras 
under a general point of view, they are no doubt 
characterised by the absence of quartz in crystals 
and grains. This character, as we observed above, 
extends for the most part, even to the metalliferous 
porphyries of equinoxial America (SS 23* *"d 24.), 
which seem to be connected with trachytes ; but 
both these rocks furnish striking exceptions to a 
law which might be thought general. These ex- 
ceptions prove anew that the geognost ought not 
to annex great importance to the presence or ab* 
sence of certain substances disseminated in rocka* 
The greatest mass of the Chimborazo is formed of 
a semi-vitreous trachyte that is brownish-greai 
(with a base having a waxy appearance like pitch- 
stone), destitute of hornblende^ abounding in pyrox- 
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and that this earth abounds in basalt and lava, we 
may rather be surprised that this substance, dis- 
seminated in the silicates of iron and alumine, has 
not united together oftener without mixture into 
crystals or grains of pure quartz. This difficulty 
which has been opposed to the concentration of 
silica around a centre characterises a great part 
of the volcanic rocks. (See above, p. 160.) 

Pyroxene has hitherto been regarded as ex- 
tremely rare in the trachytes of Europe. The bed 
of pyroxene discovered by M. Weiss, between 
Muret and Thiezac (above Aurillac in Auvergne; 
Buch, tiber TYapp-Porphyrj p. 135.), seems rather 
to belong to a basaltic formation superposed to 
trachyte. But in Hungary (Beudant, t. iii. p. 317. 
5i90> ^ ^^U ^ ^" ^he Cordilleras of the Andes, 
pyroxene is often found in porphyroid trachytes, 
where it replaces hornblende (Chimborazo, Tun- 
guragua, base of the volcano of Pasto, middle re- 
gion of the volcano of Purace, near Popayan). 
The kind of repulsion which is observed between 
pyroxene and hornblende, is so much the more 
striking, as in the basaltic formation these two 
substances are oft;en found united (Rhonegebirge 
in Germany). The trachytes of Mexico appeared 
to me in general to be destitute of pyroxene. 

Garnet, which we have already seen in the trans- 
ition porphyries of Potosi and Izmiquilpan, appears 
also, although very rarely, in the trachytes of the 
Andes. I found it in the volcano of Yana-Urcu 



(black trachyte), and M. Beudant collected it in 
the lithoid pearlstone of Hungary. 

I now doubt the existence of olivine in the 
trachyte formation of the Cordilleraa ; what I had 
taken for that substance were grains of pyroxene 
of a light tint. Olivine belongs perhaps exclusively 
to the basaltic formations, and some lithmd lavas. 
M. deBuch recognised it among the ejections of 
the volcano of Jorullo, which formed a fine-g^ned 
mixture of olivine, glassy feldspar, and yellow mica: 
there is no trace of hornblende and pyroxene, al- 
though this volcano has pierced through a trachytic 
formation. M. Beudant also doubts the presence 
of olivine in the trachytes of Hungary, even in 
those of the group of VihorleL When chemists 
shall examine with more care the trachytes of the 
Cordilleras, which present so great a variety of 
rocks, muriatic acid will probably be discovered 
(as at Sarcouy in Auvergne), and common mica 
mixed with oxyde of titanium, as at Vesuvius. (Soret, 
Sttr les axes de double refraction, 18S1, p. 59-) 

The observations which may be made on the po- 
sition of volcanic rocks promise more interest than 
even the study of their composition. The trachytes 
of the extinguished volcano of Tolima (§ 7') seem 
to issue irom a granite posterior to primitive 
gneiss. I saw mica-slate (Alto del Roble) appear- 
ing (p. 108.) below the trachytes of the still burning 
volcanoes of Fopayan. The granites, through which 
the trachytic domes of Baraguan and Herveo (Ervd) 
have pierced are perhaps of a more recent date than 



431 

mica-slate. The most important observation of po« 
sition which I made in the immense and entirely 
trachytic table-land of Quito (species of polystome 
volcano) relates to the trachytes of Tunguragua. 
After havdng sought in vain, during more than six 
months, some trace of rocks commonly supposed of 
neptunian origin, I found, near the bridge of ropes 
of Penipe (Rio Puela, 1240 toises), below a black 
semi-vitreous trachyte, often columnar, at the still 
burning cone of Tunguragua, a greenish micarslate, 
with a striated and silky surface, containing gar- 
nets, and resembling the mica-slate of the primitive 
formation. (See above, p. 93.) This rock reposes 
on syenitic granite composed of a great quantity of 
greenish lamellar feldspar in large grains, a little 
white quartz, hexagonal tables of black mica and 
some thin crystals of hornblende. The fracture of 
this granite has a steatitic aspect, and, when breathed 
upon, takes a tint of asparagus-green. These sye- 
nites and mica-slates with garnets remind us of 
those which MM. de Buch and Escolar discovered 
in the archipelago of the Canaries, in blocks amidst 
the trachytic formations of Fortaventura and Palma. 
(Humboldt, Rel. Hist., t. i. p. 640.) It is very 
certain, that the rocks of Penipe, which perhaps 
belong only to the transition formation, are in situ ; 
that they appear beneath a real granular trachyte, 
and not beneath a breccia or trachytic conglo- 
merate, as at Vic, Aurillac, and S. Sigismond 
(Buch, Trapp-Porphyr^ p. 141.) ; but it is impos- 
sible to decide on the superposition without piercing 



a gallery in tlie flank of Tunguragua, whetlier the 
trachyte covers inica-siate on a great extent, as the 
chalk covers the Jura limestone, or if the trachyte 
in breaking through more ancient rocks and rising 
perpendicularly, is simply inclined towards tlie 
border on the adjacent mica-slate. We also find 
around the trachytic cone of Cayambc, mica-slate 
with epidote, and a granite that abounds in brown 
and yellow mica. Farther north, in the Cordilleras 
of Popayan, ascending to the village of Purac^ I 
saw beneath a great volcano of that name, near 
Santa-Barbara, semi-vitreous trachyte leaning on 
porphyritic syenite (with common feldspar) ; this 
syenite is visibly superposed on a transition granite 
abounding in mica (p. 178.). At the foot of the 
still active Mexican volcanoes of Popocatepetl and 
Jorullo, M. Bonpland and myself were not fortunate 
enough to discover rocks of granite, mica-slate, and 
syenite on the spot ; but we saw imbedded amidst 
the lithoid, black, and basaltic lavas of Jorullo, 
white angular or greenish-white fragments of sye- 
nite, composed of a little hornblende, and a great 
deal of lamellar feldspar. Where these masses have 
been split by the heat, the feldspar has become 
filamentous, so that the edges of the fissiu-es are 
in some places joined by the lengtliened fibres of 
the mass. In South America, between Almaguer 
and Popayan, at the foot of Cerro Broncaso, I 
found real fragments of compact gneiss in a trachyte 
abounding in pyroxene (p. 171. )• These pheno- 
mena, to which I might add many others, prove 
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that trachytic formations have issued from below 
the granitic crust of the globe. 

The obsidian, of which M. Sonneschmidt and 
myself brought such curious varieties into Europe, 
appeared to me to belong, in the Cordilleras, to two 
very distinct sections of trachytic formation, to real 
white (Cerro de las Novajas or Oyamel, at the 
north-east of Mexico), to black trachytes (Cerro 
del Quinche, north of Quito), and to pearlstone 
(Cinapecuaro, between Mexico and Valladolid). 
We must distinguish in those two formations, the 
obsidian from the currents of modem lava (Peak 
of Teneriffe) forming the upper part of those cur- 
rents. The fragments of rock ejected by the crater 
of Cotopaxi, and filled with nodules of obsidian^ 
appear to have been torn from the sides of the 
crater ; but the pieces of obsidian thrown out by 
the volcano of Sotara near Popayan, to the distance 
of several leagues, deserve more attention ; they 
cover the fields of Los Serillos, Uvales and Palac^. 
They are found scattered like fragments of flints ; 
they lie on basaltic rocks, to which, however, they 
are altogether foreign. These obsidians of Po- 
payan have often the form of tears, or of balls with 
a rough surface ; they exhibit, which I have not 
seen any where else, every shade of colour, from 
a deep black to that of colourless glass. They 
are sometimes mixed with fragments of enamel, 
thrown out also by the volcano of Sotara, and 
which one might be inclined to take for Reau^ 
muf^s porcelmn. The paste of the semi-vitreous 
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bluish-grey trachyte, with a conclioidal fnctiue 
(volcano of Purac6, Dear Popayatif in the plain of 
Cascijal, at 3^74 tobes high), sometimes, no doubt, 
passes into obsidiaa i but the great masses of real 
obsidian, disposed by beds or by nodules, wkh 
outlines sbx)ngly isariced, are found ii| o^er va> 
rieties of trachytes. We have already described 
above^ the rocks of Cerro de las Navajas ($ S3.), 
where obsidians are found that are chatoyant, stii- 
ated,and silvery (jplateadas), and generally scat- 
tered in ftagments, but sometimes, also, fanning 
beds in a white trachyte* Similar bedis, from fouiteeo 
to sixteen inches of Uii^ness, are interposed in tfaie 
black p}TOxenic trachytes of Cerro del Quincb^ 
(table-land of Quito). They afford greenish-blacfc 
obsidians, veined with bands of brick-<coLour. Near 
Hacienda de Lira, at the north of Queretafo 
(table>land of Mexij:^ 995 toises), I found in an 
olive-green trachyte^ with a base of retinite (ivor 
chytes which contain both glassy feldspar and 
grains of disseminated quartz), beds of black .oba^ 
dian three inches thick. In other parts of tb^i 
iBble*land of New-Spain, at Cinapecuaro, at d^e 
foot of Cerro IJcareo (in the way fronj Vajtfu 
dolid de Mecboacan to Toluca, 968 toises high), 
and between Qjo del agua and £1 Pinal (in the 
road &om la Puebia de los Angeles to Ferote, 
1180 toises high), obsidians a^e found as nodules 
in a pearlstone, with a lustre like enamel, composed 
«f small globules that are semi-vitreous and grey- 
wh-white. I saw no mica, but infiltrations of 
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hyalite, and some small crystals of feldspar that 
are filamentous and almost of the structure of 
pumice. Pearlstone forms, at Cinapecuaro, little 
conical hills surrounded with peaks of basalt and 
trachytic domes. The rock is very regularly stra- 
tified (N. 2«* E., incK 80*^ at north-west), and might 
be taken at a distance for a schistose sandstone. 
Black, darkish-greeoji and greyish-green obsidian 
occurs in nodules, from two to five inches thick ; 
so that by the juxta-position of those nodules, the 
pearlstone appears sometimes to be imbedded in a 
real obsidian rock. In the eastern plains of Mex- 
ico, between Acaxete Ojo del agua and £1 Final, 
obsidian is less abundant, but oftea striped like 
jasper. Pearlstone contains a great quantity of 
hexagonal tables of black mic« ) it is often fibrous, 
and passes to what M. Beudani calls (t. iii« p. 964*. 
389.) per lite poncevse. 

The obmdians of Mexico and the Andes of 
Quito exhibit, in general, and often on a greater 
scale, the same phenomena of compoaitiQn which 
is observed in those of Lipari and Volcano ; and 
which some geognosts fbrwerly attributed to a de- 
viirificathn (^glastmisatiam). We there find im- 
bedded, small crystals of glassy feldspar ^ polyhedral 
masses of pearlstone filling up entirely the cavity 
in which they are supposed to he formed ; aggrc* 
gations of dark grains, of an earthy aspect, and 
arranged in parallel zones, not continuous j finally, 
fragments of reddish-^brown trachyte, half m^ited^ 
all placed on the same side, at the extremity <'f 
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Cavities that are very much elongated, and parallel 
to each other. M. de Buch, who has particularly 
examined the volcanic substances which I col- 
lected in the equinoxial region of tlie New World, 
observes, that masses of pearlstone, sometimes sphe- 
roidal, sometimes octagonal in their section, have 
constantly at their centre a very small crj'stal of 
glassy feldspar, or hornblende, and that the posi- 
tion of that crystal has determined the form of the 
whole system. (Buch, in the ScJiriJlen Natttrf. 
Freimde, 1809, p. 301. ; Humboldt, ReL Hist., t. i. 
p. 161.) M. Beudant found red garnets in the reti- 
nitic pearlstonea of Hungary (Vissegrad), which 
resemble the pitclistone-porphyrif of the transition 
formation ; I also saw red garnets at the summit 
of the volcano of Purac^, in a bluish, semi-vitreous 
trachyte, with a conchoidal fracture, destitute of 
mica and hornblende, but containing, besides py- 
roxene and glassy feldspar, ash-coloured points, 
similar to those that are remarked in the obsidians 
of Lipari, and of Cerro de las Navajas. The pre- 
sence of garnets in rocks generally mixed with 
hornblende, derives some importance from the 
ingenious observations of M.Berzelius (Nouv. Si/s- 
teme de Mineralogie, p. 301.) on tlie chemical affi- 
nities of garnet and hornblende, containing silicates 
of alumine and oxidulated iron. M. Collet-Desr 
cotils found in the obsidians which I brought from 
New Spain, the first example of the simultaneous 
presence of two alkalies in the same mineral sub. 
stance. This phenomenon has since been observed 
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in some varieties of feldspar, wemerite, sodalite, 
chabasie, and eleolite (pierre grasse of Haiiy). I 
observed that many black and red obsidians of 
Quinche and Cerro de las Navajas, have magnetic 
poles, like the porphyries (of transition ? p. I76.) 
of Voisaco, and like a fine group of columnar tra- 
chytes of Chimbora^o (2100 toises high). These 
trachytes were greenish-grey, and contained some 
crystals of lamellar and milky feldspar. 

The last division of the trachytic formation is 
formed by conglomerates, or agglutinated remains, 
re-formed by the waters. These conglomerates 
cover immense surfaces, not at the foot of the Cor- 
dilleras, but on their flanks, and on table-lands 
from 1200 to I6OO toises high. In a region where 
almost all the burning volcanoes rise above the 
limit of perpetual snow, and where the waters 
slowly filtered in caverns, and the snows which 
dissolve at the moment of tlie eruption, cause dread- 
ful ravages, the extent and thickness of alluvial form- 
ations, and regenerated fragmentary rocks, must 
necessarily be in proportion to the forces which 
still move those disaggregated masses in modern 
times. The conglomerates are sometimes friable 
like tuffa (base of Cotopaxi and the 1' Altar), 
sometimes compact and hardened like sandstone 
(base of Pichincha). The pumice in pulverulent 
masses, and in blocks from twenty-five to thirty 
feet long, forms the most interesting part of these 
conglomerates of trachytic formation. We shall 
observe on this occasion, that the word pumice is 
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very vague in mineralogy ; it does not designate 
a simple mineral like the denominations of calce- 
dony or pyroxene; it rather denotes a certain 
state, a capillary or fibrous form, under which the 
various substances ^ected by volcanoes appear. 
The nature of tliose substances is as different as the 
thickness, the tenacity, the flexibihty, and the 
paralleHsm, or the direction of their fibres. (Hum- 
boldt, Relat. Hist^ t i, p. 162.) There is a Mack 
pumice of a spongy texture, with interwoven 
fibres, where we see a great deal of pyroxene and 
which seem to owe their origin to basaltic scorified 
lavas ^plain that surrounds the crater of Rucu- 
Pichincha ; tufTa of Fausilippe near Naples). Some 
volcanoes eject white trachytes, composed of com- 
pact feldspar, much hornblende, and very Uttle 
mica, of which a part is fibrous (Rucu-Pichincha 
and Cotopaxi, on the table-land of Quito ; volcano 
of Cumbal near Chilanquer, in the table-land of 
Los Pastos ; Sotai-a near Popayan ; Popocatq)etl at 
the east of Mexico). In trachytes somewhat com- 
pact, and of a texture ivA 6brous, the rhomboidal 
fragments of feldspar oflen become hollow and 
fibrous (table-land of Quito and Mexico). Some 
varieties of pearlstone present a fibrous texture 
(plain of New Spain, betu-een la Ventu del C^ del 
agua and la Ventu de Soto -, valley of Gran and 
Glashiitte in Hungary) ; finally, obsidians of a 
greeni^black or smoke-grey, alternating with beds 
of pumice, with asbestoid greenish-white ffi>res^ 
rarely parallel with each other, sometimes, however. 



439 

perpendicular to the strata of obsjdian, and 
to a ifilaxnentous froth of ^lass (Plain of Genets aft 
the Peak of Tenerifie> These latter varieties led 
seme geologists to think that aU pnniice was de- 
rived from the fusion and bubbting up of vitreous 
lava ; they^ confounded the pumice-obsiduuiB (asde- 
rines of M. Cordier) with the true pumice with 
puallel fibres (light pumice of M. Cordier), oka- 
ractorised by large hexagonal plates of mica, and 
probably owing to a particular mode of action 
which the fire of volcanoes exerts on white tnndiytes 
(granites of the Isles Ponces of* Dolomieu). A 
geogDOst who has studied psodToundly tbe trachytic 
rocks of Europe has confirmed tibis view. ^* Pumice,*' 
says M. Beudant, **in the present state of the 
science, cannot even be regarded as a distnust 
species of rock ; it is a cellular and fiiamentous 
state which several rocks of trachytic and volcanic 
formation are capable of assuming.*' (V^y^^ 
Miniral^ t. iiL p. 3890 

The immense subterraneous quarries of pumice 
worked at the foot of Cotopaxi, between the town 
of Tacunga (Llactacuinga) .and the Indian viUage 
of San Felipe (table-land cf Quito, 148S toises 
high), appeared to me the most instructive for de- 
ciding on the position of that substance in an 
alluvial soiL They had already given rise in the 
mind of Bouguer {^Figure de ia Terre^ p. Ixviii.), at a 
time when geognosy scarcely existed, to several 
interesting questions on the origin of pmnice. The 
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little hills of Guapulo and Zumbalica, which risetO' 

the height of 80 toises, appear at first sight entirely 
formed of a white fibrous rock, with horizontal 
beds and perpendicular fibres ; from which blocks 
without rente might be taken, more that sixty feet 
long. In examining more closely these pretended . 
beds, they are pereeived to be masses from four 
inches to three feet thick, imbedded in awhite clayey 
earth. They do not form a conglomerate, properly 
speaking ; the blocks are only deposited in clay, 
and covered with small fragments of pumice (from 
eight to nine inches thick), which are divided into 
horizontal beds. These blocks of white pumice, 
which are sometimes bluish, are rounded towards 
the edges ; they contain yellow and black mica, 
slender crystals of hornblende (not pyroxene), and 
a little glassy feldspar. I am inclined to think 
that the hills of Zumbalica, which much resemble 
those of Sirok in Hungary (Beudant, Voy. Miner., . 
t. ii. p. 22.), are not the Interior walls of an over- 
thrown volcano ; the great blocks which resemble 
fractured beds are geognostically connected with 
the small fragments of the upper strata j both have, 
no doubt, been deposited by water, although under 
circumstances very different from those which ac- 
company the actual eruptions of Cotopaxi. The 
aspect of the whole surrounding country proves 
the ancient sphere of activity of this volcano, which 
is 2952 toises high, and of an enormous volume. 
At the west of the volcano, from I'Alto de Chisinche 
as iar as Tacunga, for more than forty square 
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leagues, the whole soil is covered with pumice and 
scorified trachytes. 

It is very remarkable, that the mode of volcanic 
action proper for the production of pumice is re- 
stricted in some degree to a certain number of 
ignivome mountains. L' Altar or Capac-Urcu, an- 
ciently more lofty than the Chimborazo, is placed 
in the plain of Tapia, opposite to the still burning 
volcano of Tunguragua. The former has ejected 
an immense quantity of- pumice, the latter produces 
none. The same difference exists between the 
two neighbouring volcanoes of the town of Popayan, 
Purac^ and Sotara; which latter has ejected at 
the same time obsidian and pumice, like the vol- 
cano of Cotopaxi. At Rucu-Pichincha, where I 
reached one of the trachytic towers (2491 toises 
high) which commands the crater of the volcano, 
I found a great quantity of pumice, and no obsi- 
dian ; the pumice, therefore, of Sotara and Coto- 
paxi, which contains, besides glassy feldspar a little 
amphibole, and large hexagonal plates of mica, is 
certainly not owing to obsidian; it differs en- 
tirely from the vitreous and capillary pumice 
which I saw covering the declivity of the Peak of 
Teneriffe. 

The fine opals of Zimapan, at Mexico, do not ap. 
pear to belong, like those of Hungary, to trachytic 
conglomerates, but to porphyritic trachytes which 
contain radiating globules of bluish-grey pearlstone. 
(§ 23.) 
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II. Basaltic formations, comprehmding Aosoto 
with olivine, pyroxene, and a little hornblende ; 
phonoHte (ff basalt, (Ulerite, ceUuktr emufgdaioidt 
clay with pyrope-gametSy and Jragmmiary basaltie 
rocks (oonglomerateg and scoria). The basaltic 
formation is connected on one side with trachytes, 
in which pyroxene becomes progressively more 
abundant than feldspar (Cordier, sttr lee Masses des 
Baches Vokaniques, p. 3d.), and partly, and I believe 
in a closer manner, to the lavas of volcanoes which 
have flowed in the form of currents. Fhonolites 
belong both to trachytK and basaltic formations ; I 
doubt if a real basalt with olivine is found inter- 
posed as a subordinate bed to trachyte. The pho- 
nolite which forms tl>ese beds in the trachytes of 
the Cordilleras and of Auvergne, is only super- 
posed to basalt When it does not rise in insulated 
peaks in the plains, it generally crowns the basaltic 
hills. Hornblende and pyroxene are found dis- 
seminated in trachytes and basalts; the former of 
those substances belongs perhaps even more par- 
ticularly to the trachytic formations. Olivine cha- 
racterises biisaltic rocks, the very ancient lavas of 
Europe, and the very modem lavas (in 1759) of 
the volcano of Jorullo, at Mexico. 

When we consider the group of trachytic and 
basaltic rocks only in relation to their size, we ob- 
serve that the great masses of those groups are 
found very remote from each other. The countries 
that abound most in basalts (Bohemia and Hesse) 
have no trachytes, and the Cordilleras of the Andes, 
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which are trachytic for an immense extent, are 
often entirely destitute of basalts. Neither Chim- 
borazo^ nor Cotopaxi, Antisana, nor Pichincha, fur- 
nish any real basaltic rocks ; while those rocks 
characterised by olivine, divided into fine columns 
three feet thick, are found on the same table-land 
of Quito, but far from those volcanoes at the east 
of Guallabamba, in the valley of Rio Pisque. The 
basalts near Popayan do not cover the trach3iic 
domes of Sotara and Purac^ ; they are found in- 
sulated on the western bank of Cauca, in the plains 
of Julumito. The great basaltic formation of the 
Valle de Santiago in Mexico (between Valladolid 
and Guanaxuato), is very distant from the trachytic 
volcanoes of Popocatepetl and Orizava. All the 
basalts we have just named (Guallabamba, Julu- 
mito and Suitiago) probably repose also at great 
depths on trachytic rocks ; but we shall not con- 
sider here particularly the separation of mountains 
of basalt and of trachytes. 

In the Cordilleras of Mexico, New Grenada, 
Quito and Peru, the mass of trachytic formations 
is in general far more considerable than that of 
the basaltic formations; the latter may even be 
considered as very rare, when compared with those 
which traverse Germany from east to west, between 
the parallels of 50** and 5V. The same prepon- 
derance of trachytic formations over basaltic rocks, 
is observed in Hungary. " Wherever," says M. 
Beudant, with great justice, " masses of trachyte 
are developed on a great scale, we find only 



. ' ^.iktviaMo iVagments of basalt, and recipro- 
..ill\, ui liw places where the basaltic formation 
ii luui-h tlovcloped, there occurs little or no tra- 
ili\U\ (^yuyage Miner, en Hongrie, t. iii. p. 500. 
.tH'f — dUii.) It would Beem as if those two form- 
uliuns repelled each other, and as the craters of 
existing volcanoes are constantly open in trachytes, 
we must not be surprised if those volcanoes and 
their lavas remain so far removed from the ancient 
basalts. (Humboldt, Rel. Histor., t. i. p. 154.) 

Notwithstanding this opposition, or rather this 
inequality of developement, which we have already 
remarked in granite and mica-slate^gnetss, in lime- 
stone and transition slate, in red sandstone and 
zechsteln or alpine hmestonc, trachytes and basalts 
display in some parts of the globe the closest geo- 
gnostic affinities. If the great basaltic masses 
(Hesse, Forez, Velay and Vivarais ; Scotland ; 
Vezprim and the lake Balaton) remain geogra- 
phically removed from the great masses of tra- 
chytes (Siebengebirge ; Aiivergne ; Moimtains of 
Matra, Vihorlet, and Tokay; western Cordillera of 
the Andes of Quito), outlines of the basaltic form- 
ation are not the less, on that account, superposed 
to those very trachytes. (Buch, Briefe aus Au- 
vergne, p.289. j Id., Trapp-Porphyr, p. 137 — 1*1.; 
Ramond, Niv. Geolog'ique, p. 18. 60 — 73.) The 
Euganean Hills (basalts of Monte Venda, near 
tJie trachytic cones of Monte Pradio, MontOrtone 
and Monte Rosso), the slopes of the mountains 
which constitute the group of Mont Dore, the 
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vicinity of Guchilaque in Mexico (Cerro del 
Marques, 1537 toises), and of Xalapa (Cerro de 
Macultepec, 788 toises), furnish striking examples 
of the union of feldspathic and pyroxenic form- 
ations. Sometimes they are conical hills of pris- 
matic basalt, that issue from a trachytic formation ; 
sometimes they are large currents of basalt, often 
interrupted and forming steps, which furrow and 
spread over the formation. 

It results from these observations, that the greatest 
masses of basalt are placed immediately in prim- 
itive, intermediary, and secondary formations; while 
other niasses, much less considerable, and of a texr 
ture altogether identical, and exhibiting most fre- 
quently the appearance of ancient currents of lithoid 
lavas, are superposed on trachytic rocks. Both of 
these sometimes envelope fragments of granite, 
gneiss, or syenite abounding in feldspar. The same 
phenomenon, as we have seen above, is observed 
(volcano of Jorullo) in recent lavas of a known 
epocha ; but those incontestable indications of au 
igneous fluidity do not warrant us in admitting that 
the conical mountains of basalt dispersed in the 
plains, or crowding the ridge of primitive moun- 
tains, are all formed likeu the masses of basalt 
that cover trachytes, or like the lithoid basaltic 
lavas (with olivine) of some very modem volcanoes. 
The mixture of substances that constitute the vol- 
canic rocks is found in the interior of the globe, 
and probably at immense depths. Substances 
analogous and composed of the same elementa 



may appear (at the surftce of the globe) by very 
different means; sometimes by heavmg up (in domes 
or conical elevations) ; sometimes by longitudinal 
fissm^ formed in the crust of the globe ; some* 
times by circular openings at the summit of the 
mountain. Thegeognosy of volcanoes distinguishea 
all these modes of formation, and if it does not 
admit all the rocks of trachytic and basaltic form- 
ation under the name of lavas, it ia because it 
does not admit that the domes of Puy de CHeraou, 
the great Sarcouy, and the Chimb<»azo, as well 
as the conical mountains of basalt, are portions of 
currents of lava. Some volcanoes, partly very 
modem, have thrown out feldspathic and pyroxenic 
lavas (Ischia, Solfatare de Fouzzole) with olivine 
(JoruUo), which have the greatest resemblance to 
the most ancient trachytes and basalts. Very 
often volcanic masses, when considered mineralo- 
gically (feldspathic and pyroxenic lavas, trachytes, 
basalts in insulated cones), are the same ; it may 
be supposed that the circumstances in which they 
were produced in the interior of the globe differed 
very little ; but what removes them geognostically 
from each other, is the marked difference in the 
mode of their appearance at the surface of the 
earth. 

Among the great number of curious observations 
which the vicinity of the new volcano of Jorullo 
in Mexico affords, none appeared to me more 
important and more unexpected than those which 
relate to the double origin of basaltic masses. 
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We there see at the same time small cones of basalt, 
composed of balls with concentric layers^ and a 
promontory of basaltic lava, .lithoid and compact 
within, and cellular on the surface. This ciurrent 
of lava is a black mass with very small grains, not 
containing hornblende or pyroxene, but certainly 
olivine (peridote granuliiforme, Haiiy) and small 
crystals of glassy feldspar. M« de Buch found in 
the fragments which I brought home, besides dis- 
seminated olivine (light dlive^green, conchoidal, 
and in separate granular pieces), some hexagonal 
plates of yellow mica. In those lavas the angular 
and fissured fragments of granitic syenite, which 
I have several times mentioned, are imbedded: 
they probably derive their origin from a transition 
formation placed beneath trachyte. Very small 
pieces of greyish trachyte, with glassy feldspar and 
slender crystals of hornblende, which we were so 
fortunate as to find on the brink of the crater, in 
the midst of scoria, prove that the eruption has 
acted at the same time across the syenite and the 
superposed trachyte. The lavas are even 678 feet 
in thickness, and as they are not spread laterally, 
but come from the crater of the burning volcano, 
it was in following their course towards the S.S.E. 
that M. Bonpland and myself penetrated, not 
without some danger, into the interior of the crater 
to collect air. We must not confound with this 
current of basaltic lithoid lava, which is not a heap 
of scoria as at Monte Nova near Pouzzole, the 
basalts in balls (Kugelbasalt) which compose the 
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small cones called ovens (homitos) by the natives^ 
on account of their form, and because they disen- 
gage from fissures thin streams of aqueous va||>ur8L 
mixed with sulphureous acid. No doubt can remain, 
even with an observer Utde accustomed to the aspect 
of rocks disturbed by the fire of volcanoes, that the 
whole soil of Mal-pius^ which is at least 1,800,000 
square toises, has been thrown up. Where this 
ejected matter is contiguous to the plain of the 
Play as qfJoruUo^ which has undergone no change, 
and of which formerly it made a part, there is (at 
the east of San Isidoro) an abrupt descent from a 
perpendicular height of twenty -five to thirty feet. 
The darkish and argillaceous beds of MaUpais 
appear as if fractured, and display, in a curved direc- 
ted from N. E. to S. W., the fissures of stratification 
horizontal and undulated. Afler having passed 
this stage, you ascend on a surface swelled in the 
form of a bladder, towards the crevice from which 
the great volcanoes issued and of which one alone, 
that of the middle (JE/ Volcan Grande de Jorullo)^ 
is still burning. The convexity of this formation is 
in some places 78, in others 90 toises ; that is, the 
foot of the Great Volcano, or rather the central 
portion of the plain of Mal-pais whence the Great 
Volcano rises abruptly (near the ancient Hacienda 
of San Pedro de Jorullo), is nearly 510 feet more 
elevated than thebank of Mal-pais near thefirststage. 
The whole declivity of this convex surface is so 
gentle, that it may escape the attention of those 
who are not provided with instruments proper for 
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its measurement It is, as the natives well say, a 
holiow soil, a tierrakucea. This opinion is con- 
firmed by the sound of the horses' feet when they 
tiiey pass over it, by the frequency of fissures, by 
partial sinkings, and by the engulfed rivers of 
Cuitiraba and San Pedro, which are lost at the 
east of the volcano, and reappear, as thermal 
waters of 52° cent., on the western bank ofMal-pais. 
The beds of black or yellowish-brown clay have 
been heaved up ; the surface of the soil is covered 
only with some volcanic ashes, no accumulations of 
scorite or ejections issuing from the crater have 
caused the convexity of Mal-pais, From this 
heaved up soil (Sept. 1759) several thousands of 
small cones or basaltic hills with very convex sum- 
mits have issued (the ovem, or homitos'). They are 
all insulated and scattered, so that in order to ap- 
proach the foot of the great volcano, you pass by 
winding paths (los callejones del MaUpais). Their 
elevation is from six to nine feet The smoke 
issues a little below the point of the cone, and 
remains visible for fifty feet in height Other 
streams of smoke come from large crevices which 
cross the paths ; they belong to the soil itself of 
the heaved up plain. In I78O, the heat of the 
homitos was still so great that a cigar could be 
lighted by tying it to a stick and plunging it two 
or three inches deep in one of the lateral openings. 
The cones (Jiomitos) are uniformly composed of 
spheroidal basalt, often flattened, from eight inches 
to three feet of diameter, and imbedded in a mass of 
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clay in contorted beds. The aspect of these cones 
is absolutely the same with that of the conical hills 
of globular basalt (^KugelboiaU-Ki^pen) which are 
so frequently seen in Saxony, on the frontiers of 
the Upper-Palatinate and Franconia, and princi- 
pally in the Mittelberg of Bohemia ; the di^rence 
consists only in the dimensions of the hills. M. 
Freiesleben and myself saw sc»ne, however, that 
were perfectly insulated, and were only fr(Hn fifteen 
to twenty feet high. The centre of the balls in the 
homitos, as in the ancient globuliv basalts, is some- 
what fresher and more compact than the concentric 
strata which envelope the nucleus, and of which 
I was often able to count from twenty-five to 
twenty-eight. The whole mass of these basalts, 
constantly traversed by acidulated and hot va- 
pours, is extremely decomposed. It often presentH 
only a black and ferruginous clay, with yellow 
spots, perhaps too large to be attributed to a de- 
composition of olivine. In approaching the ear to 
one of those cones, a hoarse sound is heard, like 
that of a subterraneous cascade ; it is, perhaps, 
caused by the waters of the Rio Cuitamba, which 
are engulfed in the Mal-pais. Here, therefore, 
are certainly flattened spheroids of basalt, agglo- 
merated into conical hills, which have been heaved 
up in our times, and which, consequently, are nei- 
ther fragments of ancient currents of lava, nor the 
result of a decomposition of basaltic articulated 
prisms, nor that of a fortuitous accumulation of 
ejections of a distant crater. It is probable that 
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the elastic force of vapours has covered the convex 
plain of Mal-pais with these homitos^ in the form 
of blisters, just as the surface of a viscous fluid is 
covered with bubbles by the action of gas which 
disengages from it The crust that forms the small 
domes of the homitos has so little solidity that it 
sinks beneath the fore-feet of a mule in ascending. 

The facts which I have just stated appear to me 
so much the more important to geognosy, as there 
exists in the most ancient basaltic formations a 
great analogy between the insulated hills of globu- 
lar basalt and those of columnar basalL Some 
celebrated geologists have long combated the hypo- 
thesis which considers so many basaltic mountains 
of so regular a form, and symmetrically grouped, 
as the remains of a current, in flowing of lava, 
which has advanced progressively on a sloping 
ground. We must distinguish three great pheno- 
mena in the plains of JoruUo; the general heaving 
up of the MaUpais^ covered by several thousands of 
small basaltic cones ; the accumulations of scorias 
and other incoherent substances in the hills the 
most remote from the great volcano, and the li- 
thoid lavas which the mountain has thrown out in 
the ordinary form of a current. The interior of 
the crater of Vesuvius, which I visited several 
times in tJie month of August 1805, with MM. de 
Buch and Gay-Lussac, exhibited the same differ* 
ence between the bottom of the heaved up crater, 
that is to say, more or less convex, as we approach 
the epocha of the great eruption, and the cones of 
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a^regated scoriae which are formed around s^ 
veral burning openings. It is these acciunulations 
of incoherent matter alone which resemble Monte 
novo of Pouzzole. The crust of the lava that con- 
stitutes the bottom of craters rises and unks Vke a 
moveable ftoor. (BucIh Geogiu Beob. t ii. p. 1S4.)^ 
At Vesuvius the bottom was so rounded (in 1805) 
that its central put overpassed the level of the 
southern edge of the volcana The swelling which 
is periodically observed in the accessible waters of 
burning volcanoes, at the' bottom of a circular and 
lengthened valley that terminates their summits. 
furnishes a striking analogy with the he<eoed up soil 
(if the Mal-ptus of JoruUo ; and probably also, with 
those volcanic islands which appear like black rocks 
above the surface of the ocean, before they burst 
and throw out flames. It appears that M. d'Aii- 
buisson had no opportunity of consulting the sec- 
tions which I published of the volcano of Jorullo 
(Humboldt, Essai politique, t i. No. 253.; Id., Ni- 
vellement barom.desAndes.'So.370 — 374.; Id., Vues 
des Cordilleres, p. 242. pi. 43. ; Id., Atlas giogra- 
pkique et physique du Voyage aux rig. iqidn. pi. 28. 
et 29.)» when, in his interesting Traite degeognosie, 
t i. p. 264., he supposes that I confounded a heaved 
up soil with accumulations of ejections, of which 
the thickness increases as we approach the vol- 
canic mouth. 

The composition of basalt, or rather the more or 
less frequent occurrence of some crystallised sub- 
stances disseminated in it, varies in different parts 



of equinoxjal America, as well as in Europe. Oli- 
vine, so common in the basalts of Germany, France, 
and Italy, is very rare, according to MM. Maccul- 
loch apd Bou£, in the west of Scotland, and the 
north of Ireland. Hornblende, in large crystals, 
abounds in Saxony (Oberwiesenthal and Carkfdd), 
in Bohemia, in Fulde, and in Hungary (Medwe), 
while it is moat frequently wanting in the basalts of 
Auvergne and the Canaries. Glassy feldspar and 
olivine are found almost constantly associated in 
the basaltic formation of Mexico and NewGrenada; 
often (Valle de Santiago, Alberea do Falangeo) 
hornblende and pyroxene are wanting ; at other 
times (Cerro del Marqu^a, above San Augastin de 
las Cuevas ; Chichimequillo near Silao) basalt con- 
t^ns olivine, glassy feldspar, ampbibole, and py- 
roxene. In the fine valley of Santiago (New Spain) 
hyalite is so conunon that, by a predilection very 
difficult to explain, the ants collect it whenever the 
basalt is decomposed, and transport it to their nests. 
I never saw very great masses of olivine in the 
Cordilleras of the Andes ; those of Europe belong 
more particularly to basaltic breccia (Weissenstein 
near Cassel ; Kapfensteln' in Styria). 

The formations of clay and marl, whichwe have 
mentioned in the preceding table as belonging to 
volcanic formations, merit great attention in the 
Cordilleras of the Andes, the archipelago of the 
Canary Islands, and in the Mittelgebirge of Bohe- 
mia (Trzeblitz, Huvka). In those three regions, 
which I visited successively, the clay did not appear 
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to me to be accidentally placed in the liquid mass^ 
as is sometimes the case in the plastic clay (sand- 
stone with lignites, § 35.) above the chalk» or in 
the secondary and tertiary limestone (Jura and 
coarse limestone) of the Vicentino, which I ibund 
imbedded as angular fragments in basalt, and 
which penetrate the basalts so much^ that ev^i 
the latter effervesce witti acids. The ar^Uaceous 
marl of the Cordilleras (Cascade of Regla, and 
road from Regla to Totomiico el grande ; Gudhi- 
laque, at the north of Cuemavaca ; Cubilet^ near 
Guanaxuato), and those of the Isle of Gradosa 
(near Laucerote), alternate with beds of basalt; 
and are perhaps of a contemporary formation, like 
the argillaceous slates that alternate with alj>iiie 
limestone. (Humboldt, Relat. Hist., t. i. p. 88.) 
Their position even seems to prove, that they are 
not owing to the decomposition of basalt j crystals 
of pyroxene and pyrope-gamets are often found in 
them. I shall not decide whether the masses of 
clay, which in the Andes of New Grenada surround 
(between Popayan, Quilichao, and Almaguer) 
those immense heaps of balls of dolerite and green- 
stone with glassy feldspar, belong to formations of 
basalt or to syenite and porphyry of the transition 
formation ; but undoubtedly the beds of clay 
(_tepetate), which render a part of the fine province 
of Quito sterile, have issued from the fianks (rf' 
volcanoes, not mixed with matter in fusion, but 
suspended in water. T!ie inundations that always 
accompany the eruptions of Cotopaxi, Tunguragua, 
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and other volcanoes of the Andes still burning, arc 
not owing, as at Vesuvius (Memoires de F Academies 
1754, p. 18.), to torrents of pluvial waters poured 
from the clouds that form during the eruption 
(by the disengaged vapour of water in the crater) ; 
they are principally the result of the melting of 
the snows, and the slow infiltrations that take place 
on the declivity of volcanoes, of which the height 
surpasses S460 toises (that of the limit of per- 
petual snow). Tlie shocks of violent earthquakes, 
which are not always followed by flames, open 
caverns filled with water, and those waters bear 
along with them broken and bruisefd trachyte, 
clay, pumice, and other incoherent substances. 
These perhaps might be called muddy eruptions^ 
if that denomination did not connect a phenomenon 
of inundation too nearly with phenomena essen- 
tially volcanic. When (on the 19th June, 1698) 
the Peak of Carguairazo sunk down, more than 
four square leagues around were covered with 
clayey mudj called in the country lodazales. Small 
fish, known by the name of PrenadiUas (Pimelodes 
cyclopum)^ a species which inhabits the streams 
of the province of Quito, were enveloped in the 
liquid ejections of Carguairazo. These are the 
fish said to be thrown out by the volcano, because 
they live by thousands in subterraneous lakes, and, 
at the moment of great eruptions, issue through 
crevices, and are carried down by the impulsion of 
the muddy water that descends on the declivity 
of the mountains. The almost extinguished volcano 
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rlmbaburii ejected, in iGQl, so great a quantity 
Prcnadillas, that the putrid fevers which pre- 

liled at that period were attributed to miasma 
Ihaled by the fish. (Humboldt, Recueil (Cobs, de 
mologic et d'analomie comparee, t. i. p. 22. and t. ii. 
1 150.) 

I Dolerite of the basaltic formation (D'Aubuisson, 
hurn. des mines, t. xviii. p. 197-) Leonhard and 
Imelin, vom Dolerit, p. 17 — 35.) is very rare in the 
lordilleras, which rather abound in trachytic rocks 
which feldspar is more abundant than pyrox- 
I believe, liowever, that a dolerite which I 
lund in the road from Ovexeras toihe hot springs 

' Comangillo, near Guanaxuato, belongs to the 

isalts of Caidera and Aguas buenas, and not to 
lal trachyte. Tliere is the same uncertainty on 
Ke position of phonolite, when it occurs insulated, 
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table-land of New Spain. They are sometimes 
covered by basalt, and sometimes form (Cuesta de 
Capulalpan) balls three feet thick, joined into cones, 
or hemispherical hills, superposed on transition 
porphyries. 

III. Lavas that have issued in the form 

OF CURRENTS FROM A CRATER. LUhoid feldspotfuC 

lavas^ similar to trachytes. Basaltic lavas. Obsi- 
dian of lavas. Vitreous pumice qf obsidian. We 
have already observed above, how rare are cur- 
rents of lava in the Cordilleras. Those which I 
saw were owing to the lateral eruptions of Antisana, 
Popocatepetl, and Jorullo. Many currents (Mai- 
pais) have issued from volcanic craters, which 
have since been closed, and which it is now 
impossible to discover. Other currents, having 
the same direction, are confounded with each 
other} they now appear in vast layers similar to 
more ancient pyroxenic rocks. Hornblende is 
much more rare in the lavas of the valley of 
Tenochtidan (between San Augustin de las Cuevas 
and Coyoacan) than in the lavas of Europe. A 
learned Mexican mineralogist, M. Bustamante^ has 
recently subjected them to a mechanical analysis 
with great success, according to the ingenious 
method suggested by M. Cordier. (Semanario de 
Mexico, 1820, No. 20. p. 80—90.) 



IV. Volcanic tufa, often mixed with shells. 

V. Local calcareous and gypseous form- 
ations, SUPERPOSED ON VOLCANIC TUFAS, ON 
BASALTIC ROCKS (hANDELSTEIN) OR ON TRACUTTES. 

I include in these very modem formations in 
the' table-land of Quito, the lamellar gypsum of 
Pululagua, the argillaceous and fibrous gypsum of - 
Yaruquies, the slaty, carbureted, and vitriolic clays 
of San Antonio, the saliferous clays (?) of the Villa 
of Ibarra, the sand with ligniten of Llano de Tapia 
(at the foot of Ceiro del Altar), and the calcareous 
tuta (caleras) of Agua santa. In the Canary 
Islands also, calcareous, oolitic, and gypseous form- 
ations are subordinate to volcanic tufa. (Lancerote 
and Fortaventura). We cannot point out the re- 
lative age of these small deposites in comparing 
them with the chalk, or the most modem tertiary 
formations (SS 37 — 39.); we have placed them here 
according to the order of their position above vol- 
canic rocks. In Hungary, according to the in- 
teresting observations of M. Beudant, a sandstone 
with lignites (§ 35.) superposed on trachytic con- 
glomerate (Dregely), on conglomerate of pumice 
(Palojta), and even on trachyte (Tokai), is covered, 
in its turn, either by calcaire grossier (§ 36.) of 
the tertiary formation, or by fresh-water limestone, 
or finally, by basaltic currents. 

Such are the principal formations of pyrogenic 
rocks, owing to heaving up, to lateral overflowing, 
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or to simple ejections. We shall confine ourselves 
to the description of facts, without touching on 
problems still so imperfectly known. We fear that 
what Montaigne said of a cert^ kind of philoso- 
phy, might be reasonably applied to geognosy, 
" It comes from our having inquisitive minds and 
bad eyes." 



"^ 



TABULAR ARRANGEMENT 

or 

FORMATIONS 

OBSERVED IN BOTH HEMISPHERES (18S2). 



Roman numerals are prefixed to the names of those fonnationsy 
which, being very seldom wanting, and consequently extending most 
generally, may be considered as gcognostic horizons. The sections and 
the pages where the descriptions are found are also given. 



Introduction containing some princqiles of geognostic 
philosophy, p. 1 — 84f. 



PRIMITIVE FORMATIONS. 



General views, p. 85. 

I. Primitive granite, J 1. p. 85 — 87. 
Primitive granite and gneiss, § 2. p. 88. 
Stanniferous granite, § S. p. 88. 
Weistein with serpentine, § 4*. p. 89. 

II. Primitive gneiss, § 5. p. 90 — 94. 
Gneiss and mica-slate, § 6. p. 95 — 97. 

Granites posterior to gneiss, anterior to primitive 

mica-slate, § 7. p. 97 — 101. 
Primitive syenite? } 8. p. 101 — 102. 
Primitive serpentine ? $ 9. p. 103. 
Primitive limestone? $ 10. p. 103. 

The five latter formations, placed between gneiss and primitive mica- 
slate, are parallel formations. 

III. Primitive mica^-slate, $ 11. p. 105«— 1 1 1. 
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Granite posterior to mica-Rlat^ anterior to clay-slate, 

§ 12. p. 111. 
Gneiss posterior to mica-slate, § 13. p. 1 12. 
Greenstone-slate, or griinstein-schiefer P $14. p. US. 
IV.Prlmltive clay-slate, j IS. p. 112—116. 

Quartz rock (with masses of specular iron, or fer oligtste 

metalloid), § 16. p. 116—122. 
Granite and gneiss posterior to clay-slate, § 1 7. p. 1 2S. 
Primitive porphyry ? § 18. p. 123 — 124. 

V. Primitive euphotide, posterior to clay-slate, $19. 

p. 124—128. 

The fgur latter fomiBtioiii are parallel to each other, lometiniH even 
to primitive clay-slste. 

TRANSITION FORMATIONS. 

General views, p. 129 — 144. Types of local superpo- 
sitions, p. 134. 

I. Granular talcose limestone, transition mica-slate, and 

grauwacke with anthracite, $ 20. p. 144 — 151. 

II. Transition porphyries and syenites, immediately cover- 

ing primitive rocks j black limestone and green- 
stone, {21. p. 151— 185. 

III. Transition clay-slate, containing grauwacke, green- 

stone, black limestone, syenite and porphyry, $ 22. 
p. 186— 213. 

IV. and V. Porphyries, syenites, and greenstone posterior 

to transition clay-slate, sometimes even to limestone 
with orthoceratites, $$ 23, 24. p. 213 — 254. 

VI. Transition euphotide, § 25. p. 255. 



SECONDARY FORMATIONS. 



^ 



General views, p. 261. 
X Great coal deposite, red sandstone, and secondary 
porphyry (with interposed amygdaloid, greenstone, 
and limestoiie)i $ 26. p. 362. 
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Secondary quartz rock, $ 27. p. i96 — 299. 

Thu latter ronnadoD U parallel with the coal-<anditone. 

II. Zechstein or alpine limestone (magneslan limestone); 

hydrated gypsum ; rock-salt, $ 28. p. 229. 

The five following forntBtioiu whidi are very unequally developed, 
may be compreheiuled under the general name of 

III. Arenaceous and calcareous deposites (marly and oolitic, 

placed between the zechstein and the chalk, and con- 
nected with these two formations), p. 343. 

Clay and variegated sandstone (sandstone with oolite; 
sandstone of Nebra; new red sandstone, and red 
marl), with gypsum and rock-salt, J 29. p. 344^350. 

Muschelkalk (shelly limestone; limestone of Gottin- 
guen), § 30. p. 350 — 354. 

Quadersandstein (sandstone of Konigstein), $31. p. 354 
—357. 

Jura limestone (lias, marl, and great oolitic deposites), 
f 32. p. 357—373. 

Ferruginous sand and sandstone, green sand and sand- 
stone, secondary sandstone with lignite (iron-sand 
and green sand), j 33. p. 373 — 377. 

IV. Chalk, 5 34. p. 377—380. 

TERTIARY FORMATIONS. 

General views, p. 381 — S87. 

I. Clay and tertiary sandstone with lignite (phistic clay, 

molasse, and nagelfluhe «f Argovia), J 35. p. 387 — 394. 

II. Limestone of Paris (calcaire grossier, or limestone 

with ceritliia, a formation parallel to the London clay, 
and to the arenaceous limestone of Bognor), § 36. 
p. 394—399. 

III. Siliceous limestone, gypsum with bones, alternating 

with morl (gypsum of Montmartre), } 37. p. 400 — 402. 

IV. Sandstone, and sand above the gypsum with bones 

(sandstone of Fontainebleau), § 38. p. 402 — 403. 



4&t 

V. Fresh-water formation with porous millstones (meu- 
li^re), above the sandstone of Fontainebleaii (lime- 
stone with lynmeae), $ 39. p. 403 — 404. 

FORMATIONS (EZCLUSITELY) VOLCANIC. 

General views, p. 405 — 422. 

I. Trachytic formations, p. 422 — 443. 
Granitoid and syenitic trachytes. 
PoTphyritic trachytes (feldspathic and pyroxenic). 
Phonolites of trachytes {serai-vitreous trachytes). 
Pearlstone with obsidian. 

Millstone and cellular trachytes, with siliceous nodules. 

Trachftic and pumice couglomerntea, with aluinitonc, Bulphnr, opal, 
Bod opaliscd wood. 

II. Basaltic formirtions, p. 442. 

Basnit with olivine, pyroxene, and a little hornblende. 

Phoiiollte of basalt. 

Dolerite. 

Cellular mandelstein. 

Clay with py rope-garnets. 

This Email fonnation Bccma to be connected with the clay with lig- 
nite of the tertiary Formation, over which currentB of basalt arc often 
ipread. 

Conglomerates and basaltic scoriee. 

III. Lavas tliat have issued from a volcanic crater (ancient 

lavas, vast masses generally abounding in feldspar; 
modem lavas with distinct currents of small breadth ; 
obsidian with lava and pumice of obsidian), p. 457. 

IV. Volcanic tufe, with shells, p. 458. 

of compact limestone, marl, day with lignite, g}-p«um, and 
nqierpoMd on the moat modem volcanic tufas. These small 
belong perhaps to the tertiary rocks. Table-land of 
iilei of Fortaventura and Lanccrote. 



I^M^ nqierpoi 
^^^^H|bo; ilia 
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In ordei- to have more general ideas, and com* 
prehend better the relations <if superposiiion indi- 
cated in the table of rocks, a pasigraphic method 
may be employed, of which it will be useful to re- 
capitulate here the fundamental principles. This 
method is double ; it is either Jigurative (graphic, 
imitative^ representing the superposed beds by pa- 
rallelograms placed one above the other; otalgorith' 
mk, indicating the superposition of rocks, and the 
age of their formation, as the terms of a series. 

I followed the first method in the Tables de 
pasigrqfia geognostka which I traced, in 1804, 
for the use of the school of mines at Mexico ; and 
which is generally designated by the name of 
sections of formatioTis. It offers the advantage of 
addressing itself to the eye more directly, and of 
expressing simuUaneouslif in space two series or 
systems of rocks, which cover the same formation. 
It furnishes an easy method of indicating the 
geognostic equivalents, or parallel rocks, as also in 
the case where, by the local suppression of the 
formation ^, the formation a, immediately- sup- 
ports y. Two parallel rocks, for instance, clay- 
slate and quartz rock (page 1^.), both superposed 
on primitive mica-slate, are represented in the 
figurative method by two parallelograms of tlie 
same height placed upon a third. The names of 
the rocks are inscribed in the parallelograms, or as 
we shall see below, they are characterised by cover- 
ing them with a species of netting, differently mo- 
dified, according as the rocks graphically repre- 



one place, rej)Ose imniediatcly (pp 
alpine limestone (zeclistein), while, 
see Ibllowing' Ironi below to al)o\ 
stone, muschelkalk, variegated sand 
limestone. These relations of posi 
pressed in one ideal section in retrer 
lower part of the parellelogram wl 
Jura limestone, on one side only, 
figure, representing the two form; 
chelkalk and variegated sandstone. 

The second method, which proc( 
and may be called algorithmic^ indi* 
not in an imitative manner, not by^^ 
but by a special notation. The whc 
positions being a problem of series^ o 
periodical succession of certain ten 
superposed formations may be expr 
nd characters, for instance, by the 
alphabet These notations applied to 
of natural philosophy * in which the j 
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things are examined, are not merely fancU'uL They 
have the great advantage, in positive geognosy, of 
fixing the attention on the most general relations 
of relative position, alternation, and the suppression 
of certain terms of the series. The more we make 
abstraction of the value of signs (of the composi- 
tion and structure of rocks), the better we seize, 
by the conciseness of a language in some degree 
algebraic, the most complicated relations of posi- 
tion, and the periodical return of formations. The 
signs ei, j3, y, will no longer represent granite, 
gneiss, and mica-slate; red sandstone, zechstein, 
and variegated sandstone; chalk, tertiary sand- 
stone with lignite, and Parisian limestone ; they 
will only be the terms of a series, simple abstrac- 
tions of the mind. We are t'&r from pretending 
that the geognost ought not to study, even in its 
closest relations, the mineralogical and chemical 
. composition of rocks, the nature of their crystalline 
texture, and their masses j we only desire that 
abstraction should be made of these phenomena 
when there is a question only of their succession 
and relative age. 

If the letters of the alphabet represent these 
superposed rocks, of two series, 
«. A r» 8 

a, «^, ft ^y, y, 8 

the first indicates the succession of simple and in- 
dependent formations ; granite, gneiss, mica-slate, 
clay-slate or muschelkalk, sandstone of Kdnigstein 
(quadersandstein). Jura limestone, and green sand- 
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stone with lignite (below the chalk). The second 
indicates the alternation of simple urith complex 
fonnationH ; granite, gneiss-granite, gneiss, gneiss- 
mica-slat^ clay-slate (pp. 86. 88.) ; or, to give 
an example taken from the transition formation 
(p. 129.), limestone with orthoceratites, lime- 
stone alternating with slate, transition slate alone, 
slate and grauwacke, grauwacke alone, transitiMi 

poqAyry In the complex formations, that is, 

in those which present the periodical alternation 
of several beds, we sometimes distinguish three 
different rocks, which do not pass to each other 
in the same group ; 

«, ^, «^y, y 

a^, «/96, 0« , 

as in primitive fonnations, there are alternating beds 
of granite, gneiss, and mica-slate ; so in the trans- 
ition formation, alternating beds of grauwacke, 
alate, and limestone, or grauwacke, slate, and por- 
phyry, or clay-slate, grauwacke, and greenstone, 
constitute one formation. In the transition rocks, 
as we have stated above, clay-slate and grau- 
wacke alone are not the terms of the series. 
Those terms are all complex ; they are groups, 
and grauwacke belongs at once to several of 
those groups. It thence results that the term 
grauwacke formation relates only to the predomi- 
nance of that rock in its association with other 



;h class affords the example of independent 
fOR which prelude as subordinate beds. If 
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«^, or a/3, /3y indicate the complex formations of 
granite, gneiss, and mica-slate, or of granite and 
gneiss, clay-slate and porphyry, porphyry and sye- 
nite, marl and gypsum, that is, the formations in 
which beds of two, and even three rocks alternate 
indefinitely ; a+/3, /3+y, will indicate that gneiss 
forms simply a bed in granite, porphyry in slate, &c 
Then 

a, a + ft ft ^ + y, y. . . • 

expresses the curious phenomenon of formations 
which prelnde or announce themselves as subordi- 
nate beds. Those beds sometimes call to mind the 
terms that precede (lower rocks) sometimes the 
terms that follow (upper rocks). Thus we shall 
have 

«> fif fi+ci, ft ^xy, y . • . • 
The porphyries and granular syenites of the trans- 
ition formation penetrate into the red sandstone, 
forming subordinate beds. If the position of the 
formation of the valley of Fassa is such as has 
been lately announced (p. S40.), a preceding term 
(syenite) passes as far as into the alpine limestone 
or zechstein ; it is the case in the series, 

a, /S + a, y-fce, $• • • • 

When we would apply the pasigraphic nota- 
tion also to the elements of composed rocks, that 
notation may indicate, how by the progressive 
augmentation of the elements of the mass, and 
chiefly by the insulated crystals, beds are formed 
by a sort of interior developement; 

abc, abc^ abc*, ... * abc+c 

HH 3 
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We have preferred in this particular ease (beds 
of feldspar in granite, beds of quartz in micarslate 
or gneiss, beds of hornblende in syenite, beds of 
pyroxene in tranation dolerite) the letters of the 
Roman alphabet to those of the Greek, in order 
not to confound the elements erf" a rock (feld- 
spar, quartz, mica, hornblende, pyroxene) with the 
rocks that enter into the composition of complex 
formations. 

We have hitherto shown that in making abstrac- 
tion altc^ether of the composition and physical pro- 
perties of rocks, ihepasigraphk notation can reduce 
the most complicated problems of composition to 
great simplicity. This notation shows how the 
same subordinate beds (rock-salt in zechstein and 
red marl, § § 28, 29. ; coal in red sandstone, zech- 
stein, and muschelkalk) pass across several form- 
ations, superposed on each other : 

t'+fh ^+f*) y, S-K* • ■ ■ • 
It also reminds us of the return of feldspathic and 
crystalline formations in the transition rocks and 
red sandstone (Norway, Scotland), a return which 
is analogous to that of granite after gneiss and pri< 
mitive mica-slate : 

«. ft «> Y» 8 X, A, «, ft . . . 

The first terms of the series re-appear, even 
after a long interval, after grauwacke and lime- 
stone with orthoceratites, that is, after Jragmenianf 
and skelb/ rocks. 

In concluding this work, I shall show, that if we 
give less generality to the notation, and modify 
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it according to some physical considerations (of 
stnicture and composition), we may, by means of 
twelve geognostic signs, exhibit the most important 
phenomena of position of the primitive, interme- 
diary, secondary, and tertiaiy formations. Those 
twelve signs comprehend seven series of rocks j viz. 
mica-slate (and its modifications on one side into 
granite and gneiss, on the other, into clay-slate), the 
euphotides, the hornblende rocks (greenstone, sye- 
nite), porphyries, limestone, and fragmentary rocks. 
Characters have been added for the great deposites 
of coal and rock-salt, which will serve to guide 
geognosts, their position indicating that of red 
sandstone and alpine limestone. 

Table and Value of the Signs. 

a. Granite. 

ft Gneiss. . , . ; - 

y. Mica-slate. 

8, Clay-slate. 

The &8t four letters of the alphabet have been 
employed to designate the four most ancient pri- 
mitive formations. As these formations pass gra- 
dually into each other, the letters have been chosen 
which succeed immediately in an alphabetical 
order. Granite passes to gneiss, gneiss to mica- 
slate, and this to clay-slate. Other formations (por- 
phyry, greenstone, euphotide) appeu in some de- 
gree insulated, often as if superadded to more 

H H 4 
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ancient formations ; they have, therefore, been re- 
presented by letters which do not immediately 
succeed each other, and do not follow the letters 
«, |3, -fy S. By these means the fonnati(ms which are 
connected less with others than they are con- 
nected together (euphotide and greenstone), arc 
distinguished in pasigraphic writing in as msu'ked a 
manner as in nature. 

0, Ophiolite, euphotide, gabbro, and serpentine ; 
every formation generally abounding in diallage. 

a. Syenite, greenstone ; in general every form- 
ation abounding in hornblende. 

«, Porphyry. We sometimes see «■ pass to »-, and 
<r pass to 0. 

T, Calcareous and gypseous formations (riTavoj). 
If we would individualise calcareous formations 
still more, we might distinguish the primitive (t), 
and those which contain organic remains (/) j we 
might even by exponents, indicate separately trans- 
ition limestone (t'), alpine hmestone or zechstein 
(t*), limestone of Gottinguen or muschelkalk (t"), 
Jura hmestone or the great oolitic formation (t°), 
chalk (t"), coarse Parisian limestone (t*), &c. 

K, Fragmentary, arenaceous, and aggregated 
rocks, conglomerates, grauwacke, sandstone, brec- 
cia, clastic rocks of M. Brongniart (xXiwrfia). 

The accentuation («') indicates, as in t, that the 
sandstone is shelly. We may distinguish grau- 
wacke, or the fragmentary transition rocks (x«) j 
red sandstone (x"), containing the great deposite of 
coal {anthrax) ; variegated sandstone or sandstone 
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of Nebra (x") ; sandstone of Konigstein, or qua- 
dersani&tein (x^) ; green sandstone, or tertiary sand- 
stone with lignites below the chalk (x') ; sandstone 
abounding more in lignite above the chalk (x''); 
sandstone of Fontainebleau (x"), &c. A good no- 
tation should have the advantage of modifying the 
value of the signs according as we stop at divisions 
variouiily graduated. The exponents have an allu- 
sion to the names of the rocks. 

f, Coal, of which the greatest deposite is found 
at the beginning of the secondary formation ; the 
same sign accentuated (f') indicates lignite, of 
which the great deposite is placed at the beginning 
of the tertiary formation, and which is sometimes 
shelly (fuXo»). 
' 3, Rock-salt, of which the principal formation is 
sometimes found in alpine limestone, sometimes in 
red marl or variegated sandstone. Not being able 
to employ the first letter of the Greek word «>.( 
(which already indicates granite), I have made 

allusion to iuXeanr*. 

II, The former division of formations into primi- 
tive, intermediary, secondary, &c, is indicated by 
two perpendicular bars. When the geognostic 
series have very numerous tenns, this sign appears 
like points of repose. The experienced geognost 
knows previously where the first transition rock» 
coal-sandstone, is placed. The accentuation of a 
character (B*, t', x*) calls to mind, in general, that 
a rock contiuns remains of shells, and is not 
primitive. 
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. The following are some examples of the employ- 
ment of those twelve pasigraphic signs of rocks : 
Bt y+«] Sr*! k', w, Vt a. 
The transition formation begins after y+« (mica* 
slate, with beds (^primitive porphyry). It is nearly 
the succession of the formations of Norway (p. 137>)- 
Then follows a complex formation of clay-slate 
and black limestone, with remains of shells, grau- 
wacke, porphyry, syenite, and granite. The terms 
It' and x', which precede «, r, «, characterise those 
three rocks as transition rocks. In England, when 
the transition rocks furnish two very distinct cal- 
careous formations (that of Dudley and Derby- 
shire), we see in succession : 

(3, <r*, 8", x», t', ^, t', f, x', t', x"+a, t% x\ t*, x*' 

The transition formation begins with that of syenite 
and porphyry (Snowdon) placed on gneiss sup- 
posed to be primitive ; then follow, a day-slate 
with trilobites, the grauwacke of May-hill, the 
transition limestone of Longhope, the old red sand- 
stone of Mitchel Dean, the mountain limestone of 
Derbyshire, the great coal formation, the new red 
conglomerate which represents the red sandstone^ 
magnesiferous limestone, red marl with rock-sidt, 
oolitic limestone, secondary sandstone with lignite 
(green sand), chalk, tertiary sandstone with lignite, 
or plastic clay, &c. The secondaiy formations on 
the continent, if they were all developed, succeed 
in the following manner : 

T*, x* II «x*+f, I'+S, k", j^, x% t", xV t*, II x" .... 
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In comparing this type with that of England, 

f, k", t', x"+4. a x'.t' 

we see, tliat between the oolites (t") and U>e red 
marl or sand of Nebra (x") there are two formations 
suppressed in England, viz., muachelkalk and qua* 
dersandstein ; coal (£), rock-salt (d) and oolite (t°) 
serve as terms of comparison like a geognostic hori- 
zon. But on the continent £ and 9 are connected 
with red sandstone and alpine limestone, while in 
England tliese deposites are rather connected with 
the transition rocks and red marl. Sometimes t* 
is subordinate (p. £08.), intercalated inx*: these 
terms of the series (alpine limestone and red 
sandstone) form only one. Tlie uncertainty of 
knowing whether a limestone is alpine (zechstein) 
or transition, arises generally from the suppression 
of the red sandstone and the depositet)f coal which 
contains sandstone. 
Of the two series, 

r, X, T . . . , 
the first alone shows the cAtaanty that the last r is 
alpine limestone. In the second series, the two 
limestones and the fragmentary rock which sepa- 
rates them may be of transition. The close con- 
nection of chalk with Jura limestone is evident, 
according to the alternation of beds (r", x", t*, x*'), 
and according to the analogy of the sandstone with 
lignite below and above the chalk. 

In order to unite the principal phenomena of the 
position of rocks in ^e primitive, intermediary. 
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secondary, and tertiary formations, I propose the 
following series : 

«, «A ^+ir, ft., y+T, «, y, !. «, |8, «, II k", T*, 8r', !*, 
**+»■. y. t', <nr, ir+«, ffr, t || «■+& t'+S, x°, A x', A 

It would be useless to give the explaiiati<m of 
those characters ; it will be seen by comparing them 
with the table of formations. I shall confine my- 
self to fixing the attention of the reader on the ac> 
cumulation of porphyries (r) on the limits of the 
transition and secondary formations, the position <^ 
euphotide formations (o), the great deposites of 
coal and lignite (|), and on the return (almost 
periodical) of feldspathlc formations of transition 
granite, gneiss, and mica-slate («, fi, y). As the 
notation I here present may be variously graduated 
by the manner in which the characters are accen- 
tuated, in uniting them as co-efficients in complex 
formations, or in adding exponents, I doubt 
whether the names of the rocks arranged by series 
at the side of each other would address itself as 
forcibly to the eye as tlie algorithmic notation. 

In the figurative or graphic method, that which 
represents the formations by parallelograms super- 
posed to each other, we might also indicate the 
relations of composition and structure by charac- 
ters covering like a net the whole surface of the 
parallelograms. In lengthening the granular parts 
of granite, and dividing the parallelograms in beds 
somewhat thick, we obtain the character of gneiss. 
In rendering the foliated texture undulating, and 
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in ioterrupting it by nodules (of quartz), the cha- 
racter of gneiss is changed into that of mica-slate. 
The syenite might be represented in the same 
manner, by the sign of granite, to which might be 
added black points (hornblende). These charac- 
ters may pass from one to the other, like the 
rocks which they indicate. By using them in 
sections I formed very detailed drawings of the 
valley of Mexico and Totonilco, the vicinity of 
Guuiaxuato, and the road from Cuemavaca to the 
South Sea ; those drawings liave the advantage of 
not requiring the use of colours. I shall not enter 
more into detail on the characters which may be 
employed. They may be variously modified ; the 
conciseness of notation, and the spirit of the pasi- 
graphic method are all that it is important to 
attend to. 
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